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PREFACE. 


Neanwy eight years ago the author published his Ele- 
mentary Physical Geography, which was followed, two 
years later, by his First Book of Physical Geography, 
really a presentation, in briefer and more elementary form, 
the matter contained in the earlier book. The growth of 
the science of physical geography, — which has been little 
short of marvelous,—the rapid advance in rank which the 
subject has won for itself in the schools, and the new 
ideas and new methods of presentation which have come 
to the author, have, for several ycars, made him desirous 
of undertaking a revision of one or both of his texts. 
When, however, this desire was given concrete form, and 
systematic attention was paid to the nature of the revi- 
sion, it became evident that it would mean, not merely a 
revision, not even a mere rewriting, but a complete destrnc- 
tion of the old book and the construction of an entirely 
een different in plan, in scope, and, in many respects, 

in subject-matter. ‘hen, for the first time, arose the idea 
that, since it would be a new book in fact, it would be bet- 
ter to issue it as such than as a new book under an old title, 
One important reason for reaching this decision was the fact 
that both the Elementary and First Book aro in widu use. 
A field for them evidently exists, and it appears hardly wise 
to destroy absolutely that for which there is a demand. 
‘Twelve editions of the Elementary have been published 
and fifteen of the First Book, 

‘The teaching of physical geography is still in its exper’ 
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mental stage, and it is the opinion of many teachers that 
the ideal method of presentation hus not yet been proposed, 
notwithstanding the several excellext texts which have 
appeared. The New Physical Geography 1s still another 
effort to solve the problem of how best to present the sub- 
ject to beginning students. The author does not flatter 
himself that he has produced ths ideal; his only hope is 
that he hus done better in his third attempt than he did 
in the other two. 

In the New Physical Geography, treatment of the anda 
has been placed before that of air and ocean because so 
wany schools commence the study in the fall and take 
classes into the field. ‘The chapters on atmosphere and ocoan 
have been given less space than in the author's previous 
books; yet all topics of distinct importance are treated with 
sufficient fullness to make them clear. Certain subjeots that 
are not niversally deemed necessary parts of physical goog- 
mphy are treated in appendixes; it is the belief of the 
author that each of these should be studied. 

Perhaps the most decided difference between the New 
Physical Geography and the author's other books lies in 
the introduction of « much faller treatment of life in ita 
relation to the land, air, and ocean, the human interest of 
each topic being emphasized. ‘This has been done through- 
out the text and, at the end of the book, in a series of 
chapters devoted to that subject exclusively. 

Especial pains has been taken to illustrate the book fully. 
It is believed that an illustration, properly selected, is of 
the vory highest value,— the best substitute for the object 

‘itself. Every illustration in the book is introduced for use, 
and almost every one is referred to at least once in the text. 
Among these illustrations half tones of photographs predomi- 
nate, for they alone, of all forms of illustration commonly in 
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use, present the whole truth. In order that they shall be 
distinct, the half tones are all printed on glossed paper ; but 
to avoid giving the book undue weight, and to eliminate the 
trying effect of glossed paper on the eye, the text is printed 
on a light-weight, dull-finished paper and the half tones on 
inserted sheets. Besides half tones there are many diagrams, 
maps, and block drawings, the latter prepared by C. W. 

Furlong of Cornell University. 

As aids to the study of the text, a brief Summary is given 
at the close of each section, and a Topical Outline and a set 
of Review Questions are placed at the end of each chapter. 

_It is believed that the great majority of teachers will wel- 
come these aids. No teacher will, of course, be content to 
follow the questions absolutely and without modification ; 
the individuality of the teacher will appear here, as else- 
where. But these summaries, topics, and questions cover the 
essentials in the text; and their use as a basis for work, with 
such modifications and additions as may be deemed necessary, 
will be a far lighter task than the production of an entire 
series by the teacher. Thus, relieved of a form of drudgery, 
time will be available for the expenditure of energy in more 
profitable lines. 

In most of the better schools physical geography is fast 
becoming a laboratory science, and this is the position it 
must eventually take wherever, taught. In the absence of 
a laboratory manual, many teachers find it difficult to plan 
a laboratory course. That this is so is evident from the 
many letters that the author receives on the subject. With 
this in mind, a series of Suggestions is appended to nearly 
every chapter, and one appendix is devoted to maps and 
laboratory equipment, another to field work. From these 
suggestions any teacher will be able to select some for use. 
It is hoped that they may serve as an incentive to additional 
laboratory and field work. 
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A very large number of teachers have given the author 
_ the benefit of their experience in the form of suggestive 
criticiam. To all of these teachers —making a list far too 
long to print here — the author is greatly indebted for theic 
kindly interest. They have helped to shape the plan of the 
book. Among these, however, are several whose suggestions 
were of such marked yalue that their aid must be acknowl- 
edged individually: Frank Darling, Chicago Normal School ; 
C. S. Jewell, Lake View High School, Chicago; BE. C. Case, 
Milwaukee Normal School; L. 0, Towne, Haverhill, Mass. ; 
Emerson Rice, Hyde Park, Mass.; H. L. Rand, Dedham, 
Mass. ; H. L. F. Morso, Troy, N.Y.; Miss Agnes Brown, 
Rockford, Il. ; and James A. Barr, Stockton, Cal. Special 
acknowledgment must also be made to Lawrence Martin of 
Cornell for valuable assistance and suggestion during the 
preparation of the book. 

It goes without saying that the author is profoundly 
indebted to tho host of workers in physiography, from whom 
he has drawn so much inspiration, suggestion, and fact : 
Gilbert, Davis, Powell, Geikie, Penck, de Lapparent, Russell, 
Shaler, Dutton, Chamberlin, Hayes, Campbell, Salisbury, 
Brigham, Dodge, Dryer, and many othera. From the writ- 
ings of these physiographers the author has culled whatever 
seemed to him suited to a scheme of elementary instruction ; 
and so numerous, and often so unconscious, is the influence 
of these fellow-workers, that specific acknowledgment would 

be quite impossible, Doubtless the most profound influence 
upon the author is that of his two teachers, Professors 
Shaler and Davis, the importance of which to him cannot be 
overestimated. Together with other physiographers, the 
suthor further recognizes in Professor Davis o leader in 
American physiography, from whom even some of the fun- 
damental principles of the subject have been derived. An 
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examination of the following pages would show the influence 
of this physiographer in many places, an influence not con- 
fined to the pure science, but extending to the pedagogy of 
the subject as well. 


RALPH 8. TARR. 
Irmaca, N.Y., July 21, 1908, 
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INTRODUCTORY. 


Maw is vitally dependent upon air, water, and earth. The 
air supplies oxygen for breathing and for fire; it supplies 
carbon dioxide to plants; it brings vapor for rain; and its 
presence and movements profoundly affect climate. 

The ocean is the source of vapor; it furnishes many kinds 
of food fish; it is the highway of an ever increasing com- 
merce; and it influences the climate of every land. 

The lands furnish a home for man; they are mantled with 
a soil in which the food plants grow; and from the rocks are 
obtained mineral fuels, building stones, and metals. Both 
plant and animal life are greatly influenced by the forms 
of the land and the distribution of land and water. 

The sun is also of vital importance, for its heat and light 
make life on the globe possible. The heat sets the air in 
motion, forming winds which bring rain, modify climates, 
and start waves and currents in the ocean. 

The movements of the earth —rotation and revolution — 
are also important. Rotation brings day and night, which 
influence the habits of men, animals, and plants. Revolu- 
tion causes seasons, which have a still greater effect on life. 

Plants, animals, and mankind have adapted themselves in 
a wonderful manner to the soil, climate, and other features of 
their surroundings. Most animals and plants live either in 

xv 
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the water or on the land; but some have adopted the air 
as their home, while others have taken to life underground, 
though always near the surface. 

Air and water are ever changing; the lands are also 
changing, though more slowly; and plante and animals are 
varying in their relation to air, ocean, and land. These 
changes have a profound effect on man, and it is therefore 
important to study about them. 

Such a study is known as Physical Geography, which may 
be defined as the study of the physical features of the earth 
and their influence on man. 
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tte 
CHAPTER I. 


THE EARTH AS A PLANET. 


1. Shape of the Earth. — When we look at the full moon 
we seo clearly that it is a sphere in the heavens (Fig. 2). 
If we could stand on the 
moon and look at the 
earth, we would see that 
it, too, is a sphere. But 
the earth is a much larger 
sphere than the moon 
(Rig. 8). 

‘Over two thousand years 
ago it was known that the 
earth was a sphere; but 
this was later forgotten, 
and for a long time the 
fat. afore the time of 

fore the time of ¥10, 2,—The mocn, 
Colamatins, navigutors im- os 
figpined all sorts of terrors at tho edge of a flat eariA: and 
Colurnbus had difGoulty 
in finding sailors who 
were willing to face 


these imaginary terrors. 
ee aod Colambus’s voyage 
helped to bring into 


prominence the old 


Pra. 3.—atative size of earch and moos, Proofs that the earth 
‘The figures are the diameters ia miles, ig a sphere. 


2 1 
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‘No matter where one may stand on the seashore, or on a vessel 
in the open ocean, he may find proof that the earth's surface is 
curved (Fig. 4). The 
sails and smoke of 
distant shipsareseon 
while the hulls are 
hidden behind the 
curvatare of the 
earth (Fig.6), As the 
ship comes nearer, 

Pia. 4.—The exeved ocean surface ‘more and more of it 

is seen, This does 

not prove that the earth is a-sphere, for other curved bodies, 
such as an egg-shaped one, would produce the same effect. 

‘That the earth is spherical 
is now proved, and its aizeand 
exact form have been meas 
ured by scientists, Travelers 
haye gone around itin various 
directions, and it is known 
how far one must travel to 
return to the starting point, 
Among the proofs that the 
earth is & sphers, and one 
Known to the ancient Greeks, 
is that furnished by eclipses of 
the moon. Such an eolipse is 
‘caused by the earth's shadow 
thrown ‘on the moon when 
the earth comes between the 
sanand moon. ‘This shadow 
is always bounded by part of acircle (Fig. 6). Ifthe earth wore 
not & sphere tis could not be so, for in someé positions its outline 
would be certain to show true form. 








Fro. Carved shadow of the earth dure 
Ing an eclipse of the 00a. 














Fie, & —To show why yart of a distant ship is hidden. ‘Tho atraight Mine is the 
along which « man on the deck of thy sailing vessel would! look. 


— The earth is only one of a great nam 
0 a aa of these is the moon, 


Thy wrth, moon and orbit of 
the moon eomld all be placed inside 
the sum, a shown, 

so hot that heat and light from it cross 

iife on the earth possible. 

denter of a family of spheres which form 

In this system there are eight large 

of which the earth is one. The sun 
by their own light; but the planota merely 

‘as tho moon does. The bright evening and 
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morning “stars” are planets, like the earth. From one of 
them the earth would be seen to have the same steady, bright 
light that they show to us. 





ee eee eee eae oe, eiceeh plane ‘The figures 
sare distances in 


Some of the planets are far more distant than the sun (re. , 8), 
Neptune, the most distant of all, being over 2,700,000,000 mi 
How distant that is may perhaps be understood by the ‘olsen 
iustration, Ifan express traineould 
have started toward Neptune in the 
time of Christ, and have traveled 
steadily onward day and night at 
the rate of sixty miles an hour, it 
would not yet be halfway there. 

Not only are the plancts far awny, 
but some of them are large 
(Figs. 9,10), Jupiter, the largest, 
is 86,000 miles in diametor. In the 
space between Mars and Jupiter 
are also a number of very 
spheres, called asteroids. ‘The largest | 
ia about 500 miles in diameter. € 





; 


1 Summary. — Other apheres besides 
7 the earth are the stars, sun, moony 
H planets, ant cateroiits, ‘The moon 
and planets are cold, and shine by 
Mig. 5. Tozhow the mative slow rejtected light; the stare and sun ane 
alee re dates Slery hot. In the solar system, whieh 
includes the sun, moon, planets, and 

aateroits, the largest sphere is the 

the largest planet Jupiter, (aah Ga mead eibeas pene Snee 
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3. Movements of the Spheres. — Little is known about the 
motions of the distant stars. But all the planets whose 
movements are 
known have been 
found to turn, or Babar 
rotate, on an axis. 

The earth _ takes 

one day for rota- Keptune 
tion; the sun over 

25 days; Jupiter 

9 hours, 55 min- 

utes; the moon 

274 days. 

All members of 
the solar system 
also travel, or re- Fi0. 10.—Toshow the relative size of the four larger 
volve, around the Loge 
sun. This revolution! is along nearly circular path, or 
orbit. The orbit is not an exact circle, but an ellipse (Fig. 
11), and the sun, instead of being at the center, isa little 
to one side, at one of the foci of the ellipse. This causes 

the earth to be 


nearer the sun 
at one season 
(over 91,000,000 
miles) than in the 
opposite (over 
94,000,000 miles), 
when it reaches 


Fho._11.—A cfrole (on left) and ellipse (on right). 3 
‘ind the canter f the cise (C) and the foclet th@ other end of 
‘the ellipse (FF). the ellipse. The 


“earth requires a 
little over 865 days, or one year, to make a complete revo- 
lution around the sun. 


For faller treatment of revolution, see Appendix A. 


ter 
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Mercury, the smallest and nearest of the planets (Figs. 8, 9), 
requires only 88 days for a single revolution. What is the time 
required by the other planets (Fig. 12) ? 

Several of the planets have moons. The word satellite, mean- 
ing follower, is given 
to these smaller 
spheres because they 
follow their planets 
in their revolution 
around the sun. The 
earth has one moon; 
no moons have been 
discovered for Mer- 
a cury or Venus; but 
Saturn has eight. It 
is believed that each 
satellite rotates on an axis and revolves in an ellipse around its 
planet. The moon makes one revolution around the earth in 
about 27} days. 


Summary. — So far as known, all the planets rotate on azes, and 
all revolve around the sun in elliptical orbits. The periods of rota- 
tion and revolution differ. Satellites accompany several of the 


planets. 


4. Rotation of the Earth. — Many uninformed people believe 
that the sun rises, passes through the heavens, and sets in 
the west. Our own ancestors, centuries ago, held the same 
belief. We still use their terms, sunrise and sunset, though 
we well kitow that it is the turning of the eurth on its axis 
that makes the sun appear to rise and set. In looking from 
the window of a train it sometimes seems as if objects were 
passing by, while it is really you yourself that is moving. 
In the same way, as the earth turns with us toward the east, 
the sun seems to travel in the opposite direction. 







Neptune 
155 yours 


Fra, 12.—Time of revolution of the planets. 


The rising and setting of the moon, and the apparent move- 
ments of the stars at night, are also due to the earth’s rotation. 
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which cause the seasons, have determined some of man’s 
most characteristic habits. Name some ways in which revo- 
lution affects you,—your home, clothes, foods, and games. 
Recall from your study of geography how revolution affects 
the habits of the Eskimos, 


Summary. — Rotation determines the length of our day, cauacs 
day and night, and influences our habite. Revolution gives ws our 
year, our seasons, and also profoundly affects our habits, 


6. Gravity and Gravitation.— The earth exerts on all 
bodies upon it an attraction which we call gravity. By 
gravity men are held to the surface of the earth; a stone 
thrown into the air is drawn back to the earth; the air is 
prevented from flying away into space; and the oceans are 
held in place. It gives to the ocean a curved surface, be- 
canse each particle of water is attracted toward the center 
of the sphere. Each part of this curved surface, or sea — 
Jevel, is at right angles to a line leading toward the earth's 
center, 

Bodies in space also exert an attraction on other spheres. 
For oxamplo, the moon exerts an attraction upon the earth, 
and the carth upon the moon; but the earth, being larger, 
has tho stronger effect. This attraction of bodies in space 
is callod the attraction of gravitation, 

Gravitation is tho bond that holds the carth and other 
planeta to the orbits along which they travel about the sun. 
IL it could be possible for the sun to lose its attraction of 
gravitation, the earth would fly off into space, as a stone 
whirled by a string flies away if the string breaks. Gravita- 
tion also holds the moon so firmly that it swings around the 
earth with such regularity that its position a thousand years 
from now can be accurately foretold. The law of gravita- 
tion was discovered over two centuries ago by Sir Tsnac 
Newton; yet even now no one knows exactly what causes 
it nor why it operates in the universe. 
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Heid by gravitation, the earth is able to travel along its orbit of 
miles each year at a rate of over 1000 miles a minute, 
At the same time, it is whirling on its axis so rapidly that a per- 
som 08 the equator is moving at the rate of 17 milesaminute. We 
are not aware of these rapid movements, because the land, water, 
and air go with us. Even when traveling on a noisy railway 
train, we sometimes forget that we are moving. Hnt the earth 
moves without jar or noisé, and there are no near-by objects for 
us to swiftly pass; 
therefore, for many 
generations men did 
not even suspect that 
they were moving at 
all. 


— Graw 
ity is the attraction 
that holds ete to 
the earth; it cawaes 
the well surface 
called sea level, 


i 
© * 
i 


are helil to their orbits, 


7. Heat in the 
solar System.— 
‘The sun is the only le , a 
tember of thesolar #3 34.—Craters on the nioon, seeming to Indl- 
syatéra that Ge bot sour ssmienss™ om * 
enough to glow; 
but in past ages the other members have apparently also been 
hot, Jupiter appears still to be so warm at the surface 
that the water rises in clouds of steam, The earth is cold 
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at the surface, but hot within (p. 11; the small moon, 
thongh now cold, was apparently once hot within. 

‘The heat of the sun isso great that even mineral substances 
exist in the form of gases. ‘This white hot sun is slowly cool- 
ing by radiating ite 
heat off into space; 
bat a few small 
points, of which the 
earth in one (Hig. 
15), intercept a 
minute portion of 
those rays, on which 
animal and plant; 
‘Pio. 15. —To Miastrate the very small proportion of Hife depend. 

fal he Pays paesng OvE fom the aun tDAS FORA WHA, Pat i 


these rays cross the 
000 miles that separate ua from the sus, ‘They reach the 
earth in about 8 minutes, while, nt the rute of a fast express 
train, 176 years would bo required. The distant planet Neptune 
doubtless receives too litte heat for life; Mercury is so near 
‘that it perhaps receives too much; but the earth is so favorably 
situated that it receives neither too much nor too little, As 
the sun cools down to a red heat, in some fardistant future age, 
life on the earth will no longer be possible. 


Summary.— The members of the solar system show signa of 
we either past or present, Heat, raitiated from the white hot sun, 
rapidly across apace ; and some of tt, reaching the earth, 

as life powstble. 





‘Tortoat Ourrime, Questions, awn Sveaeerions. 


‘Toricat Owriixe.—1, Shape of Earth. — Fore beliety proofs of 
roundness; exact shapo; longth of diameters. 
2 Other Spheres.—The moon; stars; sun; solar system; relative 
86 of planets; relative distance; asteroids 
8. Movements of the Spheres.— (a) Rotation: timo required. (0) Revo~ 
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‘of a ball in various positions. Do the same with a eylinder; with a 
square, Which always shows one kindof outline? (4) A period devoted 
‘tothe meaning of scale may be combined with a study of the size and dis- 
tance of the members of the solar aystam. ‘This ean be done with profit 
by cating disks out of brown paper to reprewnt the planets (say on a 
scale of one inch for 5000 miles); and marking off dinances in the school 
ed (ear 20 SBA oF sap Loch for 200,000 miles) to 
@1 SENN tele wiih Lentnde wa rare -sepmae 
nail driven in the floor. With a piece of chalk at the other end of tho 
Rta ites cbse? Now drive another nail two inches from the first 
‘Take a string ten feet long and tle the ends. Put it over the two nails, 
and with chalk held in the Toop draw a figure as near a circle as you 
‘Tt will not bea circle, but an ellipse. If you put the two nails (the 
fart ‘say six inches, the ellipse will be still lous like a circle. 
ae) Oberoi ts & light to understand the cause 
eee the Great Dipper and the 













7 i mon atid comes? (11) In some astronomy, 
we a sia tt reeset 2) Find out what “Arlatotle 


Reference Books. — References to a fern selected books are placed at the 
end of each chapter. Other reference hooks and mogavines are Usted wn 
Appendiz L. Newcoan, Elements of Astronomy, American Book Coy 
New York, 1900, 81.00; Youns, Manual of Astronomy, Ginn & Co, 
Boston, 1002, 245; Toon, New Astronomy, American Book Co, New 
York, 1307, 41.80; Lockvin, The Chemistry of the Sun, Macmillan Co., 
Now York, 1857, $1.60, 


OHAPTER I. 


‘Tyrer arethroe quite 
different parts of the 
earth: (1) the solid 
earth; (2) the liquid 





surface. The air isa “OJ Ms 
mixturo of transparent — refer tomiles, 
ee. eee) oxygen eee 
presence on every vier] we hardly real- 
every breath draws it in for the pur- 

. ing wing oxygen. Though it 
we feel nce when the wind 
moving ly through it. 





tive depth of alr and 
earth. The figures 
five and one half 
one of the greatest 


ize. Yet our 
pose of supply- 
cannot be seen, 
blows, or when 


‘There are many ways in which the air is of high importance 
All plants and animals depend upon its gases for life. Its oxygen 


1 yor lnttinde and longitude, mee Appendix B ; 
Gee miso Chapter XL. 


for maps, x06 Appendix I. 


Jand. 


itself is profoundly modified | 
. Winds loose fragménts 


9. The Oceans.'—If the earth were a perfect 
would be entirely covered by water to a depth of 


view by this water mantle, the area of the oceans 

about 145,000,000 aquare miles, of the Linds about 63,000 
square miles. Near their contact with the continents the” 
‘oceans are shallow; but fur from land the water in deep. 
‘One may sail, with no land in sight, for thousand# of miles 
in water whose average depth is 10,000 to 15,000 ivet. Tx 


1 Bee also Chapter X. 
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10. The Solid Earth. — Near the continents the sea floor is 
covered with sediment washed from the land by rain, rivers, 
and waves. Farther out, it is mantled with the remains of 
animals that, on dying, have settled from the water above. 
Almoat everywhere on the dry land there is a layer of loose 
rock fragmente, the surface part of which is called soil. Thus 
nearly the entire earth is covered by loose materials, 

Tn some places the soil has been brought by glaciers, in 
others by rivers; but most of it has been formed by the do- 
eay and crumbling of the rocks. Were it not for this soil 

most of the planta, 
baie: of such 
use in supplyi 
materials a ood 
clothing, and shel- 
ter, could not 
grow. The soit 
offers a chance for 
the roots to pene 
trate, seeking wae 
terand plant food, 
and also holding 
the plants up- 
‘Pig, 17. —Rook beneath the soil. right. 





soil mantle is penctrated to great enough depth, solid rock is 
found beneathit (Fig. 17). Sometimes the rock isseveral hun= 
dred feet beneath the surface; but it is usually foand at a 
depth of a few feet or a score or two of feet, In plaves, esper 
cially among mountains or on other steep slopes, there is no 
soil-cover at ull, As the rock decays in such situations, the 
fragments fall away so quickly that soil eannot accumulate. 
‘The rock that is everywhere found benenth the soil varies 
greatly from place to place, often consisting of materials 
which ure of great use to man. In some places it is sand- 
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or 60 feet of descent. If this increase continues, the melt- 
ing point of rocks must be reached at no great depth. 

{tt was formerly believed that beneath a thin outer crust 
the interior was molten; but it is now considered certain 
that, though very hot, tho interior is solid. We still uae the 
term earth's cruat, however, for the cold outer portion of tho 
earth, There are a number of reasons for the belief that 
the interior is solid: (1) if it were liquid there would be 
tides in it; (2) the behavior of the carth toward other 
spheres is that of a solid body; (%) earthquake shocks in 
Japan have been measured by delicate instruments in Eng- 
land, and the time of passage indicates a solid interior. 

Tt in a well-known fact that greater heat is required to 
melt most substances under pressure than without pressure. 
Tt is believed, therefore, that the interior of the earth is pre- 
vented from melting by the tremendous weight, or pressure, 
of the rocks that rest upon it. At a depth of six miles 
the pressure is great enough to crush rocks; and, therefore, 
deep in the earth, below this upper portion, or zone of fracture, 
cavities cannot exist. 


‘The interior heat is one of the arguments in favor of the belief 
that the earth was once a still hotter body (p. 9), probably part 
of a webula, from which the sun, earth, moon, and the other mem- 
bers of the solar system have descended. The earth is still losing 
heat; but it is so large that many ages more will be required to 
make it completely cold, like the smaller moon, 


Summary. — Sewral facts inclieate that the interior of the earth ta 
highly heated, and it was formerly thought to be molten ; but, for a 
number of reasons, tt tx now believed fo be solid, though hot, being 
prevented from melting by the pressure upon it 


12, Air, Water, and Rock, — At ordinary temperatures the 
airisa mixture of gases; bat with great cold and pressure 
these gaset may be changed to a liquid and even to a solid 
state. Water. ordinarily a liquid, changes at 82° to a solid, 
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regular, Its surface is roughened by a series of continent 
elevations, between which are broad depressions, occupied by 
the oceans. The ocean depressions average 10,000 to 15,000 
feet in depth; but the average height of the lands above aea 
level is only 2000 to 8000 feet. Fully three fourths of the 
‘ocean bottoms are 
broad expanses of 
plain; and much 
more than half 
the land is either 
plain or plateau 
| CFigs. 19, 2). 
Mountain 
owe! chains and yolea~ 
‘Fia. 19. —To show the proportion of continents and js 
‘Ocenia basing botwoor different lovelss Dose eae 

above the general 
Jovel of both sea bottom and land. ‘The Hawaiian Islands 
‘are yoleanic cones on a submarine mountain fold fully 1500 
miles in length ; and the Japanese Islands, Philippines, and 
‘West Indies are also mountain chains rising from the sea floor. 

Tt is among the mountain chains of the land that the grea 

‘est elevations on the globe are found. In the Andes there 
ure peaks that are over 40,000 feet above the sea bottom 75 
tiles tothe west. The highest mountain in the world, Mount 
Everest, is about 5} miles high ; and the greatest ocean 
is about the samo distance beneath the sea. Eleven miles is 
agreat height as we look atit; butit is a very small amount 
compared to 7900 miles, the diameter of the earth. 


‘Those irregularities of the earth's surface are generally believed 
to result from the heated condition of the interior (p. 9). Ax 
the earth cools and shrinks, ite crust wrinkles, causing some 
parts to rise, others to settle (p. 85). Sach changes of level 
fare even now in progress (p. 36), and thore are many proofs 
‘that they have cauzed great change in the past. One of the 
‘most important facts in physical geography is that the earth’s 





in progress for many ages, and the 
about which we are to stndy, is the 
leys, which our railways and canals 
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coastal plains ; the interior plateaus ; the harbors in which our 
shipping gathers; the sites of our leading cities; and many 
other land features arc a result of the conflict betwoen the 
forces of elevation and the agencies of erosion, 

Summary. — Agencies of erosion — weather, rivers, glaciers, wower, 
otc. —= are cutting into the land and strewing the waste over the sea 
floor. On the other hand, forcea af elevation are raising the land. 
TAi8 causes a conflict, in which the forces of elevation hae so far 
been more potont. The present land surface, which so greatly 
influences man, is the result of this conflict, 

15. The Continents — (A) Characteristics.— A continent is 
a large upraised portion of the earth's crust nearly or quite 
surrounded by ocean. Usually the continent margin is sub- 
oerged beneath the sea (Fig. 816), sometimes, as off eastern 
North America, for a distance of 50 to 100 miles from the 
coust. At its outer edge it is faced by a steep slope, called 
the continental alope (Fig. 116), which descends quickly to 
the deep sea bottom. Although the average elevation of the 
continents is but 2000 to 3000 feet above sea lovel, when 
measured from the baso of the continental slope their average 
height is 10,000 to 15,000 foct. Some portions, for example 
the Dead Sea, are below sea level. 

Continents consist of mountain ranges with connecting 
plains and plateaus (Figs, 20,21). They are crossed by riv- 
ere, ocoupying valleys, which drain the land ; but nearly one 
fourth of the has no drainage to the sea. In these cases 
‘the water runs into interior basins or basins without outlet. 


‘The outline of a continent scema to bo determined hy its 
mountain ranges; indeed, mountains have been called the akele- 
tous of continents. From this standpoint the plains and plateaus 
may be called its tissues, Tn fact, the plains and plateaus have 
been built of rock fragments worn from the mountain skeleton. 

‘To illustrate, off eastern Asia, from the Ku Islands to the 
Philippines (Fig. 26), there is a mountain chain now rising, A 
large part of the rock waste wora frou tliese mountains, and from 











Foo. 22. —Rellef map of North America. 
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Sinking of the land, which allows the sea to | 
4s dacthier ones Sor Irregularities 18 tbe 


pea the Bay of Fundy, Long Tetand Soun 
Harbof, Delaware Bay, Chea Bay a 


risen 40 8 to completely 
islands have been formed, such as Long Island, N 
SA NEI cea Pe n 


principal — peninsulas, 
ars due to two causes: (1) mountains; (2) sinking 


(©) Sowh Amerioa.—South America resembles 
America in its triangular forma (Fig. 28). ‘This outlit 
to the grvat mountain backbone of the Andes in the wee 
the loss prominent mountain systems in the north avd 
ern Brazil. South America is, however, far more: 
North America, The only irrogularitics caused b 
tains are in the north, where the Andes system 
Isthmus of Panama and the small peninsulas of Ve 
‘The irregular southern coast is due to sinking of the 
the const of Pera and northern Chile is now rising (p. 


Summary. — The mountains of South America have given Martri- 
angular form and one or two peninsulas in the north; elsewhere the 
oa 16 ery regular, excapting in the south, where there’ kada/BaaW 
sinking. 

(D) Afric. — Like South America, Africa has a triangular form 
and regular outline (Fig. 24). Its outline is determined by mountain 
‘uplifts near the coast, which have so raised the interior that it is 
mainly @ broad plateau. Only one eighth of the continent Hes 











Fro. 2 —Rallof map of South Amorim 





Fin 4. —Iallef map of Afelea, 
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Parts of this land, expecially northwestern Europe, have 


bays, 
separated the British Isles from the mainland. 


Summary. — Europe is a part of the great Euraxian continent, 
which has a rough triangular form. Tho many peninsulas, bays, 
tslands, ete,, are due to mountain uplifts and to sinking of the land. 

(G) Influence of Continent Forma on Man, —The separation of 
‘the continents has interfered with the spread of man. Their low 
elevation has been very favorable to mankind. Had the average 
elevation (2000 to 3000 foot) been as great as the average depres: 
sion of the oceans (12,000 to 15,000 fect), the greater part of each 
continent would be too high and cold ted ane a Sasa Per 
lation. The development of men and natior 
in many ways by the continent form, the outline of its nr 
inclosed bays and seas, the islands, and the distribution of moun- 
tains and plains. 

An Feeeaias coast line favors navigation; and it is an interest 
ing fact that the inhabitants of continents that have regular out- 
Jines have advanced far less rapidly than those whose coast has 
many harbors and bays, lustrations of these influences and 
‘others, on man, animals, and planta, will appear in later chapters. 

Summary. — The elevation, surface features, and coast line of com 
tinents have had taportant influence on man, animals, and plants. 

16. Form of the Oceans. — The continents are clustered 
around the north polar region, with tongues projecting south 
ward: the ocean water is centered around the south | 
regjon, with triangular tongues projecting northward 
thecontinents (Fig. 29), Enoutline the oceans are very irregu- 
las, because the irregular continents form their boundaries. 

We commonly recognize five oceans (Fig. 28). It is 
customary to choose un arbitrary boundary —the Antarctic 
cirole — for the ice-laden Antarctic Ocean; but it is far bet- 
ter to consider us a great Southern Ocean (Fig. 29) all the 





SIN 
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GENERAL FEATURES OF THE EARTH. aT 


water south of Australis, Africa, and South America. Three 
great ocean tongues extend northward from this Southern 









‘Foo, 22. —The northern nnd southier hornephervs. 


Ocean: (1) the Trdien Ocean, which reaches up to Asia 
between Australia and Africa; (2) the immense Pacific, 
which extends up between America, Australin, and Asia, to 
the point where America and Asia almost meet; and (3) the 
rece Ua bounded by the Americas on one side and 
Africa andl Enrope on the other. The Atlantic is given an 
hour-glass shape by the narrowing wherg the projection of 
South America reaches eastward toward that of Africa. 
Ocean 


Tand and Teeland. Pio, 30, ~The land and water homtephares, 
The northern 

f tho greater part of the land, while the south- 

ore is eesentinlly a water hemisphere (Fig. 20), By 


ern hemi 
proper circle, it is possible to so divide the earth as 


choosing 


a + 
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to have one hemisphere in which most of tho land is placed, and 
the other with little land (Fig. 30). London is very near tho 
center of tho land hemisphere. 


Now that men no longer timidly skirt the coasts in small 
boats, but steer boldly ont to sea in great ships that visit 
every ocean, the needs of ocean navigation have led to the 
making of canals for short cuts across land barriers, For 
merly, yessels'sailing from Europe to India went all the way 
around Africa; now they take a short cut across the Isthmus 
of Suez (Fig. 634). Soon ships from eastern United States 
and Europe, bound for Asia or western United States, will 
make # short cut by way of the Isthmian Canal. Thus 
every day the oceaus are becoming more useful. 


Summary. — Most of the ocean woter is in the southern hemi 
aphere, three triangular tongues extending from the great Southern 
cco northward between the continents, The Arctic te a bay-like 
extension of the Atlantic. 


Tortcan Ooriixe, Questions, AND SuGaRsriors. 


Tortoat Ovrrexk.—8, The Atmosphere. — Extent; composition; 
proof of its existence; importance, —life, fire, decay, diffuaion of hight 
nd heat, bearing, winds, spor, wind powers effents on land ; sil. 

9, The Oceans. — Distribution of water; aren covered ; depth ; im- 
portanes,—animal products, navigation, vapor supply, effect on climate, 

10. The Solid Karth, — Covering of wa floors of land; origin of soll, 
importance; depth; absence on steep slopes; condition beneath the oil 
mantle; Tuluable mineral substances. 

IL. The Earth’s Interior. — Weight of material of outer part and of 
interior; proofs of interior heat; former belief ; earth's crust ; reasons for 
ywesent belief ; effects of pressure; former condition of earthy future, 

‘12. Ain, Water, and Rock.—(a) States of matter: air, water, and rock 
illustrate the threo xtates ; changes of each of thewe to the other two states, 
(®) Intermingling: rock and water in air; water and air in earth; air 
and rock material in water. 

15, Irregularities of tho Earth's Crust.—Avorngo depth of occan 
basins; average height of continenta; proportion of plaina; distribution 
of mountains aud voleanaes; amount of irregularity of earth's surfaoe; 
cause of irregularities; changes in level, 





‘Australian? (/°) What is the relation of 
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Harope to Aula? Explain the lrogular outine of Rarasia (0) How 
hus the continent forns influenced ran 
Galt Ea te etna of tar Seat er Fd weet ithe 
tion; the subdivisions, starting from the Southern Ocean; the meaning 
of land and water heiniapheres. What obstacles huve been overcome? 
Soaeertiom — (1) Ins small {or oul up plant, lug cus to 
Ihave if well watered, and soa if it grows is exhausted, 





nape piece 
(©) How doop is the soil in your vicinity? Find some cut—a oellar, 
out, oF stream valley, — where bed rook ia seen beneath the soil. 
isthe soll Of what is it composed? What kind of rock 
aidtctoe st 4s the tae between rook esd polls harp Tine? (0) To 
illustmte the three states of matter: freeze some water. Melt the ice, 
then evaporate the water over the fire. Where does the water go? Place 
some water in a shallow pan in a room and wateb it from day to day, 
Whore doos it go?” Whst becomes af the water that you pour an plants? 
Of that sprinkled oo the city pavements? (7) Stir wud and water 
together Haro you over soon » stream remmbling the maddy water? 
Where did the mud come from? Where was it being carried? (8) Care 
{ally eegh a pinoeof chalk. Soak lu water anda Aga. Why 
iffereneo? Most rocks wiil illustrate the same thing, but, 
earns al ‘ax chalk. (9) Place some salt in water and 
‘once ina while. Whore has the salt gone? After twenty-four houre 
pour the water off and evaporate it. Do you find the salt? Chalk, 
marble, and many mineral «ubstances will dieolve ax the salt did, bab in 
smaller quantities. (10) See if there are fossils in the rocks of your 
nwighborhood. If fo, find out if they once lived in the a. What do 
Seg prove? (11) In shallow pan of water build Shree ridge of ables 
and olay, ae high as you can, forming a triangular outline to 
the mountain akeleton of North America. With a sprinkling mee 
them partlydown, Draw off the water with a siphon, then make asketch 
map of the minjagure continent, marking on it the position of the moune 
tain ridges. Compara it with an outline map of North Ameren. 








Reference Books. — See references at end of Chapters M1, X, and XI; 
also Mitt, International Geography, Appletou & Co., New York, $8.60. 
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‘These few facts indicate that there is a 
the form of the land and the industries of the p 
educated person should know the causes which 
modify the form of the land as to adapt it to d 


it is necessary to bag our inquiry far 
stand some geological facts und tape t 
present chapter is largely devot 

‘Summary. — There are great ae in the land wesaee 
place to place, and consequently in the industries of man, 
Geography, or Physiography, studiea the causes for these diferences 
and their relation to one another. 

18. Rocks of the Crust.'— ‘The many differont kinds of 
rocks in the earth's crust are included in three large classes, 
— sedimentary, igneous, and metamorphic. 

(A) Sedimentary Rocks.— Rock fragments —pebbiles, sand, 
and clay—are washed into sens and lakes by rain, rivers, and 
waves. They settle in the quiet water, the coarser 
sinking to the bottom firat. The motion of the water, wgi- 
tated by waves and currents, keeps the finer fi 
suspended for a longer time, and they therefore sink to the 
hottom farther from shoro, ‘Thus the water assorts the rock 
fragments according to size. 

‘On some days the waves and currents are weak, on 
strong; sometimes the rivers bring little sediment, at 
times much. These differences in currents, and in 
supplied, cause the deposit. of Iayors of different 
on another. [ach Inyer is of the kind that waves 
ronts are able to bring (Fig. 35). 

Such layers aro called strata (singular, stratum), and the 
rock is said to be stratified. Some strata are thin, others 
thick, Sometimes only one stratum is seen in w cliff, while in 

1 Appondix C contains « description of common minerals and reckca, 













Fah $e —A shale cli magorge. Some of tho layers aro slightly moro sandy 
‘than the clay shales which form most of the cliffs. 





Fas. 32 —A gravel bank, with somo Inyere partly consolidated, ana terafore 
‘standing out frow the face of the bank 





Fro, ‘81, —Granite, lower loft hand figure; pomles, upper Yeft ham; 
‘gnolea, rigs baad, 





¥XG. 94. —To ilastrate the origin of (gneous rocks. ‘The cone on the inflam 
‘oleano, made of lava and voleanic tb. 


‘These rocks have risen from within 
Tn some cases each eruption pro- 
cools to form « thick, massive layer 
® cnsea the violence of the eruption 


"#800 also Chapter VIL. 
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blows the lava into bits of volcanic ash or porous pumice 
(Big. 33). Lava and ash usually build a cone around the 
volcanic vent or neck (Fig. 84). Such beds are usually leas 
regular and more massive than sedimentary strata. 

Much lava fails to reach the surface, Such éntraded igneous 
rook is found in various positions, cutting across the sedimentary 
and other rocks, A narrow crack filled with lava forms a dike 
(Fig. 34); a mass of lava thruet between strata forme an intruded 
sheet or will (Rig. 84); large, irregular masses, rising into the cores 
of monntaing, form doses (Mg. 34). Pikes Peak and many other 
peaks ure bosses of hard granite rock (Fig. $3), brought to light 
by the wearing uway of the layers into which they were intruded. 

Summary. — [neous rocks are formed by the cooling of melted 
lava, some at the surface, in the form of lava flows anc volcanic ash, 
some as intruded dikes, sheets, and bosses. 

(C) Metamorphic Rocks, —When subjected to great pressure, or 
heat, or both, rocks are changed, or metamorphosed, By metamor- 
phism limestone is altered to marbles shale to slate; and xand- 
stone to quartzite. Thé change may go 20 far that, as in the case 
of gneias (Fig. 33) and schist, it is often impossible to tell the 
nature of the original rock. Metamorphic rocks cially 
common among mountains where, during the mou 
the strata have been subjected to great pressure and heat, Thece 
ehanges have bent, folded, broken, and twisted the layers (Fig. 
46), and often completely altered the rocks from their original 
condition. 

Summary. — When xubjected to heat, pressure, or both, as amang 
tountains, rocks are greatly altered or metamorphosed. 

(D) Resistance of Rocks. — All minerals, when exposed to 
the weather, are attacked by the elements; but there is much 
difference in the rate at which different ones wear away. 
Quartz, for example (Appendix C), is hard, only slightly 
soluble, and does not decay ; feldspar is hard and does not 
dissolve, but decays without great difficulty ; caloite is both 
soft and easily soluble. 
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Boekiots, Kean T fect in ako yee the Netherlands 
‘are slo sinking; the const of New Jersey is sinking at 
the ence ean 4 acentury; Eskimo houses in Green- 
land have been lowered into the sen; the land around the 
Great Lakes is slowly rising; and in 1822, and again in 
1838, the coast of Chile was raised 2 to 4 feet. Hundreds of 
similar cases are known (Fig. 37). 

‘These changes of level aro of two kinds: (1) rapid and local, 
where monntaine aré now growing, a8 in Japan and western 
South America; and (2) slow and widespread, where large areas 
slowly swing np or down, as in noctheastern America (p, 208), 
While in some places the lands are sinking, as a general rule 
are rising. Thiy hay heen truo for long periogla of the past; and, 
aaa result, the continonta are very largely made of 
strata that were deposited in ancient sess, 

Summary. — The surface of the land is sina Serreg ees itis 
also being raised here anc lowered there. There are both | 
rapid movements and a alow swinging up or down of large areas. 
Om the whole, the continents have been rising, and this tx why they 
are #0 largely male of sedimentary strata. | 

20. Disturbance of the Strata. —The sedimentary strata 
are deposited in nearly horizontal layers parallel to the 
sea floor (Figs. 36, 43). When 
added to the land these strata are 
usually raised by slow, broadly 
extended movements whieh only 
slightly disturb the original 
horizontal position (Fig. “81)s 
SR Shien, oe eye ee Lee 
ute larrr and the Mississippi valley, 

oy ey lea of coe tals the plateaus of the West, have 

plane. such horizontal strate. 

Among mountains, on the other hand, the strata are falded 
and broken by the great pressure. seal oriererigeye 
are no longer horizontal, but are tilted at all angles (Fig. 


iis 
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their uplift, rock ‘often cracked | 
_ During jebsetea pau Cee 
Pair ested reniealty ie ie wala a 
mating nearly at right angles. iealy T38 






‘Summary, plains 
are commonly left in nearly their original horizontal positian ; dus in 
‘mountaina they are folded and faulted. Joint planes, or waturat 
planes of breakage, cre also producect by the stewing. 

21. Agents of Weathering. — When exposed to tlie air, 
rocks crumble and fall apart as wood and nails do. ‘This dis 
integration, or weathering, is due to the action of ¥ 


agencies, the most important of which are percolating 
air, and the action of animalsand plants. These ex lo 





Foo. #1. Beaton of amyenretrical and oepeaal folds, 


some of thoir work by dissolving and decaying minorals, some 

‘by mochanical means, as when rocks are ruptured by frost. 
Sommary.— Rocks crumble, or weather, by the mechanteal and 

p chemical action of percolating water, air, and animals and plants. 









Pia. (3. —Horkzomal strate in the Wows, A hard 


Mi taraeetiniteswceusinee in 


Fro, —A fault, Now 
tie that the layers 
lo not match ee the 
wo sides of the fanlt 






‘and fxr along the hillside. 





Fin. 45. A aymmotrical anticling 
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Water.— A portion of ench ruin 
Part of it percolutes into the rocks, 
is ablo to enter even tho densest of 
ene along joint planes (Figs. 


both 
‘a agnelino ond an anticline, 


substances which it is able to take awny 

sr of solution is greatly increased by 

d other substances, which it obtains from. 
vegetation. 

eatbon dioxide, and other substances, the 

also enuses changes in composition of 

Mead changes are not very unlike that 

- i exposed to dampness, to 

es iron rust. By these changes 

aro protuced which the percolating water 

0 ‘The roots of plants seck and obtain 
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some of these solnble mineral products, which Pee oA 
‘This decay, together with removal of portions, canses minerals 
and rocks to crumble, 

Tn cold climates the mechanical work of water ix of impor- 


water freezes it 
inustexpand; and, 
phere 

when wi 
elongata ere nH 9 Sefer 

the rocks are often 
broken by frost action. This frost work is an important 
agent of rock disintegration (Figs, 49, 52, 64), 

— Water percolutes into soil and even rock. Tk aise 
solves some minerals, changes others, and thus causes the rocks to 
disintegrate, In cold climates, frost also aids in elisintegration, 

23. Influence of Airin Weathering. — Warming canses rocks to 
‘expand, anil cooling causes them to contract. A fire built against 
a rock, for example, canses it to expand and crack, In hot des- 
erts the warming of rocks by day, and cooling by night are im- 
portant means of disiutegrating them. 

im oxygen and carbon dioxide of the air, taken underground 
hy water, help in the work of disintegration; they also cause 
changes in damp soil and rock at the surface. 

Summary. — Avr helps in ruck disintegration by ite changes in 
temperature and by supplying oxygen anc carbon dioxide, 

24, Organisms as Agentsof Weathering. — The roots of plants 
help to pry rock matorials apart. In their search for water and 
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desert climate of Egypt, began to decay so rapidly. 
to the damp elimaate of New York that it was 
‘it with a glare. In cold climates, froat action ix 
‘hot, damp climates the abundant vegetation. 
‘stances to the warm percolating water, greatly: 

of cbanging 





gentle stops, Sortie! 


ing soil blanket. peered 
slopes, from which the 
ments fall awayas fast as they 
are loosened, the rock is 
constantly exposed to the 
ments (Figs. G4, 7). There- 
anh 


That the rocks are ¢ 
is prowd by the 
= ce every now and 
Fra. ), —The Obelixk in Contral Park. pe Fs Sahel 
17); Imt, even in the most favorable places, weathering is ’ 
that ono might pee no great change in a lifetime. . 
required for great changes. 7 
‘Summary. — Kven under the most favorable conditions, weathering 
is very wow. Its rate varies with the vock, climate, capoyure, ean 
seepnens of alope. Steep slopes are eapecially favorable because the 
falling away of loosened fragments leaves the rocks exposed, 
26, Results of Weathering. — Without question, the most 
f important result of weathering is the formation of soil. 





‘Bip, 31. —A abattered mck auetace slowing muny cracks into which water 
c Is able to enter. 





Tho, 52. —Pereolating water seep Fic. S3.— The roots of a treo prying open 
Iam AL ka te the rook of a ledge. 





Pia. 4. —A steep peak Wo the ligt Alps whore frost action fs powertal- Notioe 
the muiny cranks in the tak, Water outers along these, and every now and 
then a fragmout breaks away and falls Lo the base. 
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r rock is removed in solution, 
or veeidue, which cannot be dissolved. 






‘Fig. i. Residual soll. A few rounded pieces of solid 
tock remain, not yet completely disintegrated. 


Such soils are not residual, but transported. 
mineral substances for underground water 


Wingram to [nstrate the formation of reaidnal soll, Notice that the 
ie Aner near tho #urface, where roots and carthworms ponotrate, and that 
At grades downward into solid rock. 





oe Zoow ps 
opeanqeg ‘wos unnyy tp 








Fro, 54,— An nyalanche at Quobes, Jast beneath the fortress, which destzoped 
‘a number of hi 











Fie. 59, —A view {n the Colorado Canyon, whore the etitts hay been soalptured 
‘by weathering and erosion, bringing the hand rocks (nto rwllel, and glring 
‘the softer atrata more gentle slopes. 
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book: but the following facts may help the atudent to 
lerstund why it seems a necessary conclusion, 

So low is the work of denudation that 6 person living by 
a river side, or on the seashore, may see no notable chan 
even in a lifetime; yet careful study will show that slow 
changes are in progress. Geological study has proved that 
slow changes have nocomplished ti resnlts in the past ; 
and this could not have happened unless there had been a 
great length of time involved. 

Aviong these evidences of geeat changes are the following. ‘The 
Colorado River has slowly cut # canyon over a mile in depth. 
Lofty mountain ranges once existed where New York and Phila- 
delphia now stand; but they have been slowly worn away. Volea- 
ties ha also been worn down to their very roots. To have slowly 
nvcomplished these grout results demands vast periods of time. 
Sedimentary rooke furnish evidence leading to the same conclu- 
sion. It requires years for a lnyer of sediment a foot thick to be 
deposited; yet some arctions reveal 40,000 feet of strata that were 
deposited in ancient seas, 


From these geological facts the conclusion that the earth 
is vastly old seems inevitable; and the inference is supported 
by evidence furnished by physicists and biologists. Conse- 
quently, all geologists and physical geographers are now as 
convinced on this point, as astronomers are Uhat the sum and 
stay are millions of miles away. ‘To really appreciate the 
conclusions reached in the following pages, the student must 
start out with the same belief, 

Summary, — Evitlence furnished by geologtata, phystetste, and bak 
ogists proves that the age of the earth is many neillions of yeurt, 


Torvar Ovriixe, Quistions, axp StourstrOws. 
VY. Relation of Msn to vhe Land. 
ourney® larger features; sinaller fe 
botwoen Lind form aud industetiag, 

10 Crust. — Three divisions, (A) Selimeniary rocks: 
smanner of deposit; terms uved; consolidation. (18) Igneous rueks! om 









Changes 
i Ravi 
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the surface; intruded into the crust. (C) Metamorphic rocks : 
resulta; metamorphism in mountains. (D) Resistance of rocks: differ 
ences in minerals; in rocks; effect on land form. 

19. Changes in Level of the Land. —Slow wearing away ; movements 
of the crust; cause; proofs,—from rocks, from present changes ; in- 
stances ; two classes of movements; effect on continents. 

20, Disturbance of the Strata. — Original position ; position in plai 
in mountaius ; fault; anticline ; syncline; dip; monocline; unsymmetri- 
cal fold; overturned fold; erumpling ; joint planes; importance. 

21. Agents of Weathering.— Agents at work; nature of process result, 

22. Work of Underground Water. — Entrance of water; proof of its 
presence, —wells, plant roots, springs; solution; substances aiding solu 
tion; changes in minerals; result ; plant food; frost action. 

23, Influence of Air in Weathering. — Ileat and cold; effect of oxygen 
and carbou dioxide, 

24. Organisms as Agents of Weathering. — (a) Plants: mechanical work 
of roots; removal of mineral substances; aid to underground water. 
@ Animals: kinds; work done; earthworms. 

‘25. Rate of Weathering. — Illustrations of differences in rate; effect 
of rock ; of climate, —arid, damp, cold, warm and damp; of exposure, — 
gentle slopes, steep slopes ; slowness of weathering. 

26. Results of Weathering. — Residual soil; other soils; dissolved 
mineral substances; talus; avalanches; supply of tools to streams; for- 
mation of sedimentary strata; valley broadening ; rock sculptui 

27. The Agents of Erosion. — Winds; rivers; ocean; lakes; glaciers. 

28. Denudation.— Definition; tendency; effect of uplift. 

29. Age of the Earth. — Probable age ; reasons for belief; illustrations; 
importance of grasping the conception. 

Questioxs.—17. What land forms are seen on a journey from Phila- 
delphia to Chicago? What relation between land forms and industries? 

18, What are the three divisions of rocks? (A) How are rock frag- 
ments assorted by water? What is the meaning of the terms strata, 
stratum, and stratified? How are stratified rocks consolidated? (B) In 
what conditions are igneous rocks accumulated on the surface? De- 
scribe three kinds of igneous intrusions. (C) What is the uature of 
metamorphism, and its results? Why is it so common in mountains? 
(D) How do minerals vary in durability? What two conditions influ- 
ence the rate of rock disintegration? What effect has this on the form 
of the land? 

19. What changes are in progress on the earth’s surface? Whai evi- 
dences are there of past and present changes of level? What is the 
nature of these movements? What effect has this on the continents? 
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20. Why are the strata of plains commonly horizontal? Whab ix the 
condition in mountains? Define fault; anticline; yncune; dip; mono 
cline, Drow Henig ed petri bela rau a 
turned folds. What are joiut planes? Of what inpertance are they ? 

agoats of weathering and how do they work? 

28. How doos underground water ontar the rock? proofs are 
there of ite presence’ In what two ways dens it work chemically in die 
integrating the rocks? How does it work mochanisally? 

23. In what ways is the alr offective as an age- ¥.of wuathering 

24. In what ways do plants aid in we * Animals? 

25. Give illustrations of differences in rate of weathering. State the 
‘throe chiof causos for differences. What effect haa exposure ? 

25. How is resiclaalseil formed? ~Whatother kinds of soit are there! 
State the othor effects of weathering. 

37. What work in accomplished by the agents of erosion F 

24 What is denudation? How is it of 

20, What wridonce is there that the age of the eurth is great? 

Snoarstiows.—(t) Imitate sedimentation ina glass dish. Piaoe 
sand, pebbles, and clay in the dish with water. Stic vigorously and let It 
settle. Sprinkle on the water a handful of sand, elay,and pebbles. (This 
experiment may be made even more effective if a mixture of sand, pobe 
‘and clay is made to reprosent land, then washed with # sprinkling 

into a glass aquarium partly fillod with water.) Where docs the 
Kress materiel setle? Are thn layers. horizontal? Vary the rate of 
Washing and observe what bappons. (2) Even if the rooks and mbuer- 
alsin Appendix € are not atudied, specimens of quarts, feldspar, calcite, 
sandstone, Uinnestone, granite, aud warble should be studied. ‘The last 
four can be obtained readily, probably in a stone yard. ‘The threw min- 
erals may be purelnsed from a mineral dealer fora very small mum. Do 
not gut valuable specimens, bet buy by the pound ard break St up for 
elaasuse. Study the eharnoteristios mentioned in the Appendix, (3) Are 
the rocks of your neighborhood horizontal or tilted? Lf the tater, can 
you find folds or faults? Describe what you find. Look for joiut 
planes and study them ; take their direction with a compues; Woes water 
escajm from them? Are therm any quarries in which they are of use! 
(4) Find specimens of rock in the flelds, or wlarwhere, showing weather 
ing. What aigas of weathering do you find? Are thero red or yellow 
stains? What cauus them’? (5) ‘Tor prove that water expands on 
freezing, fill a bottle with water and freege it. Even a tey cannon, 
i tightly, would break. (6) Place a thin piece of stone in a 
Does it crack? Heat snother small pices slowly, then cool it 
quickly by placing it in cold water. ‘Those oxperiments illustrate the 




















CHAPTER IV. 
RIVERS AND RIVER VALLEYS. 


30. Supply of Water. — Part of the rain water returns to 
the air by evaporation, part sinks into the ground, and part 
runs off. That portion which ‘passes back to the air need 
not be considered here. Most of that which sinks into the 
ground (p. 39), eventually returns to the surface by slow 
seepage and from springs. It may continue for months on its 
slow underground journey before finding conditions that 
favor its return to the surface. Were it not for this steady 
source of supply, after each rain rivers would quickly dry up. 
Then river navigation would be stopped, river water power 
would frequently fail, and the water supply of many cities 
would be cut off for a large part of the time. 

From a third to a fourth of the rain water runs off at the 
surface. Therefore every rain swells the volume of the 
streams, adding greatly to the steady supply from under- 
ground. When the snow melts or the rains are heavy, the 
rivers may be quickly transformed to raging torrents (Figs. 
60, 61). 


‘The presenco of the forest tends to reduce floods. Tts dense 
undergrowth, the mat of decaying. vegetation, and the tangle of 
roots seriously interfere with the run off of the water. There is 
a greater run off (1) during heavy rains than during long, slow 
drizzles; (2) on clay soils than on sandy soils; (3) on frozen 
soils than on those with no frost. 

Some rivers have their water supply regulated. This is true of 
those whose supply comes chiefly from large and copious springs 
(p. 59). Lakes act as regulating reservoirs, out of which streams 
flow with little change in volume; thus the volume of Niagara is 
almost always the same, Swamps also help to regulate the water 

wo 








ad; @O.—& waterinl in dry wuanoer, wen even the muserground wyply was 


‘weter bess boon Jest off for ase lu a mill). 





Faw. 61.— The racse wo Pig. @ after» hoary rain 


Ir arid lands, and where the forest hax been removed, 
nes ao guilied by vain aculpturing aa to unfit it for 
the Went such regions ava known as Bad Lane, 

Load of Rivers. —To the mineral load which 

in solution by underground water (p. 39) is added 
‘the river water dissolves from its bed. This 
is sometimes very noticeable, as when river 
or, as in southwestern United States, even 





of rock, loosened by weathering (Figs. 57, 66), 
Ay the rain, are also carried by rivers. Water 

ese suspended rock fragments so that they lose 
d of their weight. A current moving at the 
and a half or two miles an hour, that is about half 
man walks, will transport small pebbles; one 
marter of u mile an hour carries only clay. In , 























Shou, OT. — A narrow gorge (Enficl) In central New York, One wail of « pot 
‘hole ts neu in the foreground on theleft. ‘Tho stream coutse is here guided 
by tro joint plaver which enone the smooth, stralxht walls between which 
‘he wuter Is flowing. 


How bs toy sare fal ax Figs.) amd 


mM wetaging nuainat and undorruiting » shale oliff, showing 
3 gongs where the Atroam {x also rapidly deepening ita bed. 


= Lateral ewinging of o stream against a clay bank, which tn cused to 
_ lide into cho stream, In this way tho valley lu boing broadened. 
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rapids and falls. Most commonly it is difference in hard- 
ness of thostrata. Softrocks are cut more rapidly than hard, 
and therefore rapids and ee 
stream flows from a hard to a soft Iayer. Such falls are 
very common in regions of horizontal strata, where hard 
Jayers (Fig. 72) retard erosion while wenker layers beneath 
are removed. This undermines the hurd layer, and wheo a 
piece breaks off, the fall retreats upstream (Fig. 75), always 
being located on the steep edge of the hard stratam (Fig, 
Th). There are thousands of illustrations of this, of which 
Niagara, located on a hard layer of limestone (Fig. 482), is 
the langeat and best. 


Falls and rapids cause streams to concentrate their energy in 
spots. ‘This is well illustrated by Niagara, where the failing 
water has excavated a deop hole at the base of the fall. Similar 
holes, called pot holes (Kigs. 67,71, 73), are common in streams that 
are degrading their beds. They are enlarged and deepened by 
the whirl of water, which carries pebbles about with it, Pot-hole 
work is an important factor in the excavation of valleys, 

Waterfalls and rapids are of great importance in supplying 
power, the water being lod through canals or pipes and allowed 
to fall upon a wheel which turns machinery. Now thut elec 
tricity is used for power, falls are of value even in sparsely 
settled regions. Niagara Falls power, transmitted by wire, lights 
and runs the cars of Buffalo; falls in tho Alps and Sierra Nevada 
sapply electri power for plaes miles away, 


Summary, — Fulleand rapitls, of use for water power, vere common 


where a degrading stream slows from a hurd to a sft stratum, sat 
Magara, Pot holes are excaoated by the falling water. 


LIFE HISTORY OF A RIVER VALLEY 


A rivor valloy, like an animal or plant, changes as it grows 
older, ‘To understand those changes, or the life history of 
4 river, it seems bost to start with simple conditions—a 
plain of moderato elevation, with nearly horizontal strata, 








Pip. 7% ~The maw te standing in 
'® pot bile. In tho bottom 
there aro small round stoune 
‘which tho water whirls about, 
griniling out the rock and thax 
leopuning and solargiag the 
hol 











waterfall. In the 
artall (WW) creer it 
‘tam the fall ro 





est) as « 
this hant sf 
treats y Always heing lorated on the binrd layer. Ata later 
sage, therefore (right band figure), tho fall is furthor upstewam ; and fulle 
Bre alee presont on the seme layer in two tribotaries, ‘Tho stream ero 
Slow has formed a deep gorge low the fall, as in the case of Niagara. 





















New York, 200 feethigh. Theanglos 
¢, aivd the angle in the crest of the 
vies aygo & bage block fell from tho 
that, the crest of ve fall 


Pro, TH —Tangexrmvoeck Palls near Ithaca, 
‘god emnootl york fuces pear the upper part 
fall, arecacsed by joint planes. A few yor 

‘erent of the fall, giving its present ehapo; before 


projected downstream. 

















Narrow gorge of a young strom cut in hard rock. Ewen here the # 
been widened somewhab by meardoring and by Weathering. 
The Intier eanse accounts for the breadth of the gorge at the top. 





aa 





Fie TAA flatzopped, wxampy divide inthe Florida plain, oo whiel the 


i so young that the, (ribetary sircams have not hind sme to 
pra Back and arrow the divide so as to drain the swamps (woe Fiz. 73). 





Pia. 5.— A young valley (on the rizhs of the center) ect tn oft material. 
Te dosen of tho shles bas Wnoaloued thie vallay. (Coutrast with 
Fig. TT lo bart wk.) 





Pes. B.—Viagrm to Wiaetmte the meantog of grade and vaso level. 
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eee: are actively degrading their beds 

Tt often happens, however, that a stream has 
eee gentle a grade to move ita sediment load over. Then, 
to socure a steeper grade, doposit is made. Most atreama on 
‘broad floodplains are thus aggrading their valleya. 


‘Summary. — Tho grade of a stream ix the towest slope over which 
the water can move its sediment lout. Young streams are degrading 
their valleys toward this grade; but many streams are engaged in 
aggrailing their course fo secure a steeper grade. 


‘37. Mature Valleys. — When grade is reached by a river, 


er down-cutting ceases; but weathering of the valley 
« 
This 





Fro, SL—To ftlustrave tho broadening of valleys 
‘trom youth to old age, 


the Sg ‘is first accomplished moar the mouth; but it 
slowly extends upstream. Young streams exist for a long 
time | the headwaters, as young twigs appear on the 
onter of even an old tree. 
‘Tn & mature stream, grade has been reached throughont 
‘most of its course, and any lakes that may have existed have 
Deen filled. Nor can there be waterfalls, because 
the graded stream is no longer cutting into tho rock. 
have developed in such numbers that the di- 
vides have become well defined, and all water that falls on 
br and finds slopes ready for it to flow down (Mig. 82). 
‘the comparison may be made to a tree, which at first 
pe lari few branches, but, as it grows older, deyelops 
an increasing number of minor branches and twigs. 
By the development of so many tributaries the number of 


—r 
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slopes and the amount of surface exposed to weathering are 
greatly increased (Fig. 84). ‘These increasing slopes may 
supply so much sediment to the main streams that they 
cannot carry it all to the sea. They then begin to 

their courses to establish a steeper grade down we 





38. Old Valleys. —Aa valleys grow older, the slopes become 
more und more gentle (Fig, 88) until the surface is reduced almost 
to sea level. An old land surface, reduced to the condition of a 
low, rolling surfaoe, is called a peneplain (almost plain). 

Many parts of the continents are ancient enough to have beeomo 
peneplaing; but there are numerous accidents which commonly 
interfere with this result, OF these accidents the most important 
are uplifta of the land, which continually give to streams new 
taaks to perform. ‘Therefore, few valleys have passed the stage 
of maturity. 

Summary.— Old valleys are so brond that the aweface ts reduced 
clmost to a plain, or to a peneplain; but uplift of the wid ix wo fire 
quent that few regions have reached this condition. 


39. Importance of Valley Form.— Young valleys encourage 
some of man’s activities and interfere with others, The 
waterfalls furnish power; and the lakes are valuable for nayi- 
gution, for their influence on the climate of neighboring land, 
and as sources of food-fish and ice. On the other hand, land 








Fra, 87,—An underground river In Howe's Cave, Now York (copyright, 185 
by 8. R. Stoddurd, Glens Falls, N.Y.). 





Wua. 88. -—Spring whee weer pours out from a Limestone cavers in Town. 
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There are large surface streams with few tributaries, the 
chicf water supply coming from the springs (Fig. 88) that 
bring the cavern water to the surface. 


Entering such a saver, one passes through a mane of dark, 
irregular passages, in which it ix ray foto oneself, From the 
root hang salace (igs. 87, 91) of carbonate of lime, whieh the 
water dissolved in its passage through the limestone rock and 
deposited on emerging into the cavern. In form they resemble 
icicles. Stalagmites (Fig. 91) are built up from the cavern floor 
by the dripping water, as ice columns are formed under a epout, 


Pra, 8%, —To (Hnstrate the formation of imestone cavos, Water cater aw 
ink holes Way formed great vertical cavities, and also horizontal cavers 
through which it fows, emerging in the form of springs wear the waiural 
Deidgo on thoxight. 


Often the stalactites and stalagmites unite to form columns 
(Hig. 91), and sometimes, as in the Luray Cave, they asanme weird 
and even beautiful forme, 

‘Tho gurface of n limestone country is pitted with saucer-shuped 
epreasions, known as sink holes (Big. 90). ‘Through these the 
water diains into the ground, though sometimes the entrance into 
the ground is clogged, changing tho sink hole to a pond. These 
sink holes are caused by settling of the ground, due to solution of 
the rock beneath (Fig. 89). 

Weathering, lowering the surface, slowly wears away the cav- 
ern roofs. Somotimes only a small part of the roof is left, span- 
ning the valley as a natural bridge (Fig. 92), 


Summary.— Springs occur where conditions direct underground 
water fo the surface, for example, a porous layer, a jolnt plane, 
foult plain (many hot or mineral springs), or a cavern outlet. Caw 
ferns occur where underground water dissolies passagenays through 
soluble rock like limestone. The water enters the ground through 
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Fig, .—A small axshow curse In m meadow Wrook: A catoff tas 
“Marted, Dnt brush was put In to stop it from continalng, (le O; Towne, 
Horeebiil, Mass., Vhotographer.) 








Fro. S.—The same as Fig. OF with tho cutoff completed in spite of the 
woah, (LO. Towne, Marverhill, Maw, Photozrapher.) 


Hoodpiain the river sweeps in groat curves bo 
‘tween blalts which re soea In the foreground 
and lo the far discance, 


96, 

hich the river cuts as it swings over the 

se, being higher and drier than the floodplain, 

| as the sites for towns and cities, as in the 
‘on the Mississippi. 

are due to the fact that there is more 


posited. When such rivers rise and over- 

mike, they submerge the neighboring lowland 

‘and, with each flood, deposit » layer of sedi« 

fis deposited on a sidewalk when the gutter 

is slowly raixcs the level of the floodplain ; 

being built by a broad sheet of water, its 
fairly level. 

vodplains, like that of the Mississippi (p. 927), 

}; and frequent overflow, by bringing new soil, 
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helps tokeep themso, ‘Their pacar: and dampness further 

fit them for agriculture. In many arid regions the river 

water is led out over the floodplains for the phat tee of irri- 

Raieak lo was ert regions, a5 alot the over- 
themselves take the pluce of rainfi 


A lain is usually highest near the river, because this 
is.tnoat frequently roast by floods. ‘This higher portion 
es 48 the natural levee. On it are farms, towns, and cities; 
for exaiaple, New Orleans; but bebind it is a low, swampy tract, 
too wet for habitation, At New Orleans, the natural levee iv 
4 ‘onlya fow fect above the river 
level and theswamp. ‘To pro- 
tect the towns and farms 
from overflow, men build still 
higher embankments, or levees, 
which serve to hold buck many 
of the floods. When, however, 
a great flood breaks through 
the lovee, vast areas are inun- 
daved, property is Fe 
and lives lost. 
Mississippi, such a eek is is 
known as @ crevasse, 

No river lows in a. tly 
struight line, On cone 
trary, irregularities in the bed, 
and other causos, turn the our- 

2S rent toward one side, and cause 

rss lend ly arrows Cath the stream bps one 
aa oe tania na theecae hank, then at the other (Figs. 
Thobluttsnee sown oo thetwoaides 70) 102). This starts @ oury- 
r ing or swinging of the river, 

known as a meander (Fig. 97), 
named after a river in Asia Minor (Fig. 315) whose lower course 
is very meandering, Floodplaina are peculiarly favorable to 
the development of meanders because of the low, level land and 
tho loose sediment, which is eusily moved by the water. While 











Fra. W.—The Ohio River in flood near Parkersburg. West Va. Notice that 
tho water rlse= to tho Uirst-etory wintows 





Tra, 10.—An abandoned ox-tow eurvein Px, 10h, —River terraces. being 
the Connéetiout valley near Noxthumpe ‘ont by a degrading stream in 
‘ton, Massachusetts. ‘the Andes of Poru- 
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River tormoes are often excellent farm land, ‘The soil is good; 
they arewol! drained; the surface Js level; and, in arid countries, 





€ 10, 103.—Three stages of a dograding river, to Lilustrale the formation of 
terraces. Desortbe these. 

irrigation ditches are easily led over thelr tope, Some of the 

best farm land in the Connecticut valley is terrace lund. 


Summary. — River terraces are fattopped strips ef land with 
steep front, bordering yivers. They are formed during the removal 


43. Deltas. —On entering vhe sea or a lake, a river finds 
itscurrentsuddenly checked. 
Somo of its sediment is re- 
moved by waves and cur- 
ronta, but much is deposited 
in the quiet water near its 
mouth, building up land. 
To this land the mi 

is applied, because of 
resemblance to the Greck 
letter delta (A), as seen in 
the Nile (Fig. 104). 

Deltas have the triangular 
shape because a single chan- 
nel will not carry all the 
waterover their level surface. 
r= For this reason the river 
sal OEE Tie dat ok ft Na The! aa nls Lg 














ng at one level, or slowly rising, that deltas 
aré most common. ‘They are 
mare easily built where the 
water is shallow than where 
it is deop, and this is one 
reason why they are so com- 
amon in lakes (Figs. 107, 297). 
Absence of tides and large 
wayes is another reason for 
so many deltas in lakes. 
Rivers meander on deltas, 
as on floodplains, Indeed, 
deltas are so like floodplains 
that, as they grow outward, 
their upper parts are com- 
monly Mealled floodplains 
‘They make" excellent farm 
land, and a large percentage 
is now living on deltas and floodplains. 


— . § 
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‘The dengest population of China and India is centered on 
the deltas and floodplains of the great rivers, and n largo 
part of Holland is on the delta of the Rhine. The low 
ale ae the danger of floods from sea and river, mako 

ving in such gituations dangerous. Millions of people in 
Thdia and China have been drowned during flooda; but the 
other attractions arc so groat that these river-made plains 
are densoly settled, 


Summary. —Deltas are level pluing, built up by the deposit of sedis 
ment at river mouths; they are commoniy triangular in shape be- 
cause cronsed by branching distributaries. They are especially well 
developer in lakes aut other plucex where the water is shallon, the 
bottom wot striking, and waves and currents not strong. Like flood- 
plains, they form excellent farm land, and are densely settled. 


44, Alluvial Fans. — A stream flowing from a steop to a 
more gentle slope bas its velocity checked, If it has much 
sediment, some may be deposited where the slope changes 
(Fig. 109). Such a deposit is called a cone delta, or alluvial 
fan. Some are small, with steep slopes (Fig. 108); in facty 
they may be seen forming at the base of clay banks after a 
rain; and some are very large and fairly level, covering 
areas of thousands of square miles. They resemble deltas 
in their triangular outlines, and some of the larger ones are 
difficult to distinguish from deltas (Fig, 110), 

As in a delta, the water flows over an alluvial fan in 
numorous shifting distributaries (Figs. 108, 110,111). As 
goon as one channel becomes too high, it ie abandoned and 
a lower portion of the fan is built up. Thus the fan is built 
up regularly, because all parts of itare reached by the water. 


‘Mountainons arid lands are especially favorable to the formation 
of alluvial fans, because there are many steop slopes, much sedi- 
ment, and waually a small amount of water. At times there are 
heavy floods, bringing much sediment; but at other periods the 
water disappears by evaporation or by sinking into the gravel. 


an03 405 aAuom jaaw] are MIO aq OWED SoH AVEO sea OEY TET 
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where there is much sediment and too little rnin to carry it 
off to the sea, Sec 


flat, alluvial fans 
(Big. 118) nearthe 
mountains, and 


. still more level de- 
~valay smog te moutaus wear ie. posits farther” oUt 
in the valley. 


A similar cage ts that of the Po valley in northern Italy. It 
was once an arm of the sea between the Alps and the Appennines, 
‘but it has been filled by wash from these mountains, and is still 
being bailt ont inte the Adriatic, The many mountain streams 
are forming low alluvial fans of coarse gravel near the mountains ; 
but near the Po the sediment is finorand the river is bordered by 
fertile farm land, which is readily irrigated by water from the 
mountain streamsand tho Po. It is necessary to build dikes along 
tuany of the streams to prevent their overfowing the plain. Thus 
confined to their channels, the rivers are obliged to deposit sedi- 
ment in their beds. In consequence of this, the surface of the 
Po is now woll above the level of the surrounding country. 


Summary. — The wash of rock fragments from incioxing moune 
taina sometimes déeply fills valleys, expecially in arid lands. 





braska, while bas 90, 
tx bed, and doing It 90 rapidly that tt 
Fs 








Yio. 114.—Valley of Califorain, ‘The flatsbattomed valley is deeply. filled 
‘with sedimedt washed in from the bordering mountains. Notice Tulare 
Lak formes by the low alluvial fan of King River, . (rom model made by 
XN. F. Drake) = 


ive; form, 
; shifting of stream. 
leys. —Favoring conditions; valley of Califor 
filling, farm land, effect of dikes, 
are rivors supplied with water? 
off? What serew to regulate the volume? 
ds? Whore aro they most common? Why? 
: ‘in river load carrind? How ix each supplied? 
Gifferenoes in currynt? What effeot have the rock 
sion? Give an {ilustration of river load, 
ik are rivers wearing at their channels? What 
on their banks? State the several causes which influe 
reresion. Define dograding and aggrading rivers 
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‘84. What is the most common conse for waterfalls? Give an instra- 
tion. What causes pot holes? Of what nse are falls and rapide? 

85. What are the characteristics of new drainage on a plain? What 
changes occur in valley form, lakes, tributaries, and divides? What is 
& consequent course? Base level? State the cbarneteristics of young 
‘valleys. What does the term youth mean? 

86, What is grade, und whint causes it to vary? 

87. What changes in yallay form occur after a stream has reached 
grade? What about lakes ond falls? What changes occur in tribu- 
taries? What {fluence does this lave on sediment? 

38, What isn penepiain? Why are they ao uncommon? 

39, What {nfluence havo young valleyson man? Mutare valleys? 

40. State the causes for springs What causes caverns? What 
deposits are made in them? What ary sink holes? Natural bridges? 

41. What causes floodplains? Why are they level? Of what im 
portance are fluodplains? What is tho natural levee? What causes 
meanders? Ox-bow cutoffs? 

42, What is tho cause of torracos? Of what value are they? 

44. What is the cause of deltas? Why so named? What gives the 
delta form? What conditions favor and what oppose thelr formation? 
What aboat the population of deltas aud floodplains? 

44. What are the characteristics and causes of alluvial fans? Where 
do they ovcur? Of what importance are they? 

45, In what manner is the valley of California being filled? The Po 
valley? Of what importance is this valley filling? 

Svoxsttoxs.— (1) What is the source of the water of sour nearest 
atream? Does it vary? Why? If there were no underground supply 
would it in any way affyet you? (2) Where doe the water ran off 
most rapidly, ou a rond, a grasscovered lawn, or in the woods? 
Answer from your own observations, Why does it run off faster in 
place than in another? From which place is most sediment washed 
tothe streams? (3) Make a little channel ii the ground and pour water 
{nto it, varying the amount from a small flow to a flood. Now make a 
small pond, sy, five font long, with the little ehaunel for its outlet. Pour 
the same amount of water inte the pond that you did into the channel. 
Does the outflow eharinel show the same variation in volume? (4) Weigh 
astone In the alr with a spring balance. Welgh the same stove sub- 
menged in water on the ond of a string. What does the result show? 
(©) Moke a little toongh of rough wood and lot water un through it-from 
‘On the bottom of the trough place enall pebbles «nd, and 
Vary the velocity of the water to see what happens. Record your 
results (0) Has the streain nearest you « rapid or alow flow? Whab 
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Ya the size of the rock frgments thnt it carries at ordinary times? At 
times of flood Why tho differwnce? I4 the material at the bottom 
coarser thon that in the current? Where do the rook frag- 
iments come from? (7) Are the streams near your home aggrading or 

. are they agurading in some parte? Why? 


| iow helps. Do you know of any phiow where they are cutting 
agaiust the banks? (4) Are there any falls or rapids? What causes them? 
‘Ave there any pot holes? Find what is in the bottom. What docs this 





gutters. pebi ay 

itaway with a sprinkling pot Arm aay columns formed? (10) Has the 
beara nearest you rresoled grad? Tsthe valley young or mature? Study 
‘and deseribe the valley, — its form, tributaries, divides, and falla and takes 
GE present), What influence bas the valley on roads, railways, and ine 
dustries? (11) Haw your river a Soodplain? f* the plain ever flooded ? 
it it ca flood to ree if deposits af aediment have beon made. 
‘Does the river meander? Huvo thore boon any cliangos in the tueanders? 
(12) Terran are common in sections where streams are cutting away gla- 
eal deposits. Are there any near your home? If so, stady and desoribe 
them (13) If there isu pond or lake near by, sew Sf there are not dale 
tax opposite the mouths of both the large and small streams. If #0, 

‘on what you observe concerning their form and the material of 

they are made. (14) Aro there any allavial fana? Look for 
‘them in mud puddles at the base of a clay cliff, for example in a railway 
ext. You can make one by twuilding a pile of clay with steep slope aud 
washing the clay dawn to the baw with a sprinkling pot, 


ee ta Rivers of North America, Putnam's 
Sons, New HAM; Tamte, Physical Geography of New York 
‘State, Chapter V, Mocmillan Co, New York, 1902, $3.50; tate. Cle 
brated American Caverns, Robert Clarke Co., Cincinnati, 1896, #200) 
Steanne, Aapeets of the Earth, Chapters TIE and TV, Scribner's Sons, New 
x 8250; Hoxeey, Physiogrophy, Macmillan Co, New York, 
1891, 81.80. See also Chapter XVI of this book. 











CHAPTER Y. 
PLAINS, PLATEAUS, AND DESERTS 
PLATSS, 


46. Continental Shelf Plains. —Off tho const of cnstern 
North America there is a sea-bottom plain sloping eut into 
deep water (Fig. 116). Tt wttains a width of 50 or 100 miles, 
and its outer edge is covered by about 600 fect of water. The 
surface is a level expanse of sand near the const, and of mud 
farther out. The plain is made of layer upon layer of sedi- 
ment washed from the land, and the waves and currents are 
constantly adding to it, Other continents are bordered by 
similar sea-bottot plains, or continental shelves (Fig. 316). 

Should this sea bottom be raised 600 feet, a broad strip of 
plain would be added to the American continent. It would 
slope at the rate of # few fect a mile, and the rain that fell 
upon it would find such difficulty in passing off that much of 
the surface would be swampy. 

Sammary.— Continents cre bordered by seabottom plains, or 
continental shelves, made of sediment from the land. 


47. Coastat Plains. —Uplifts have actually added such 
plains to the land (Figs. 122, 128). Some are narrow strips 
at the base of mountains, as in western South America (Fig. 
117), where the Jand is still rising; others are many miles 
wide, like the plain that skirts the coast south of New York. 
Because they border the const thoy are ealled coastal plains. 

The coastal plain of the Atlantic and Gulf cousts extends 
from New Jorsey to the Rio Grande, and includes the penin- 
sula of Florida. Wells bored into it pass through hundreds 
‘of feot of gravel, sand, and clay, often finding water jn the 

7” 
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T.— Narrow constal plain of Wovtern South America, a few mallow wid. 


‘Water pases down (in 
deeper by the tnpere 
porous layer the water rises to the aurince because it hus entered higher thks 





tho outlet of the well, and th under pressure of the water {n te porods layer, 
whieh, therefore, forves {i out. Saclta well may oven be bored om sal at 
fie the mea, finding water beneath the Inpervdous layar, 





Fra. 119.—The Florida plain along the St. Jul River. 


Hee. 13).—A view of tho palmettocs on the Florida plain. 
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sandy layers. Where the water rises to the surface, it 
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Fim 12% —A sua-bottom plaln being formed by the 
deposit of sadtiinent on & submorged old Land, 
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a Bud Pio, 123. —Samoas Pig. 122, plovated to form aconstat 
‘Yes  ructs Plain, Rivers from th old land ary estou ouk 
‘upon the constal plain. This ix the condition of 

to Me consta! plain southward from Now York. 





pro: 
fruit, grain, otc., in Maryland, Delaware, and other 
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states, and cotton, corn, and other products in the South, 
Along the coast and near the rivers the land is swampy, 
being useful in the South for rice culture. 
~ A slight sinking of this coastal 
has admitted the sea into 
the valleys, transforming their 
mouths to shallow bays (Figs. 
121, 124), the seate of oyster and 
fishing industri Some of the 
deeper bays have good harbors, 
though a fringe of sand bara 
partly cuta off the entranes to 
many. The shallower bays and 
tide-water rivers are navigable 
by smuall craft, thux opening up 
large areas of country to water 
transportation, ‘This has helped 
greatly in carrying cotton and 
other products to the seaports for 
shipment. Chesapeake Bay, with 
its many branches, is the largest 
of the coastal plain bays. 





1h. ching Cheane 
Mia Nahe, Tho tines iibwr'tte For the mont part the rivara of 


peake. 
Probable position of the rive the coastal plain are sluggish, and, 


fr thas formed this branche in some places, the slope of the 

Eoerpateeerged valle: pin la eo peatly: that eon 
not run off. This causes swamps, ax in parts of Florida (Figa. 
78, 79, 119), and the Dismal Swamp (Fig. 307). In Texna, 
south of Houston, the divides are so flat and ewampy that there 
is no agriculture, and not even cattle can find support. ‘The sur- 
face of tho Florida plain is so young, and tho streams have so 
little sediment, that the shallow lakes in depresaions of the old 
sea bottom have not yet been filled. Where the streams have 
ext into this coastal plain they occupy shallow, stuep-sided val- 
leys, with broad, fattopped divides (Fig. 121), along whose lovel 
surface the roads run. 
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Whore streama pass from the older land to the coastal 
plain (Fig. 128), their slopes increase and their courses are 
interrupted by rapids and falls. The explanation of this fact 
is that the rivers have cut faster in the soft clays and sands of 
the plain than in tho harder rocks of the old land. For this 
reason the boundary between the old land and the plain is 
ealled the Fall Line (Fig. 125), It has hada very important 
influence on settlement. Even in 
the days of the Indians, village 
sites on the rivers were located 
along this line, — the highest 
points to which canoes could go 
from the seaward side, and where 
portages were necessary to pass 
higher upstream. White men have 
located cities on these same spots, 








‘Trenton, Philadelphia, Baltimore, ya 125 —Tin ali Linn Comal 
Washington, Richmond, Raleigh, "ala dotted; cities petted 
iw 

Columbia, and Augusta. be taps yhie. 
form coastal plaina akirting the coasts of continenta, Thera is a 
leeldefiutd one from New Jersey to Mexico, much of whose level ur- 
face tatoo sandy or swampy for agriculture, while in Floricia there 
care muy fakes still occupying the original depressions. A slight 
sinking, has admitted the aca into tha river mouths, transforming 
them to ahatiow bays, Where atroama descend from the old tand to 
the plain Where is « line of rapide and falls, called the Pall Line. 

48, The Russian and Siberian Plains. —'This, the greatest 
expanse 





extend from 
Jango part of northern Asia and much of Russia, with a 
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western branch reaching to Holland. Pie fob ai of 
layers of sand, gravel, and clay, washed ‘the mountains 


of Asia and Europe into « sea which reyes ‘been destroyed by 
uplift. ‘The uplift of this sea-bottom plain his been so re- 
cent that the streams are young; there are many swamps; 
shallow lakes are yet unfilled ; and the divides are flat-topped. 

In tho North thoro is barron tundra, inhabited hy scattered 
tribes (Fig. 126) who use the reindeer as a domestic aninal (Fig. 
46). ‘The soil, frozen to great depth, thaws in summer only at the 

face, making the land a vast swamp; in winter the tundra ia a 
bleak, fromn, snow-covered desert. Toward the south it grades 
into the forest region which is naw being cleared and opened to 
agriculture as a result of the building of the Siberian railway, This 
forest section is destined to become one of the great farming 
regions of the world, On its southern side the forest belt grades 
into the open, yrasscovered stepper (p. 285), u region too arid for 
farming, oa ‘therefore, occupied by a nomadic, pastoral jpeoplo. 

Summary. — Fast plains, causert by recent uplift ofan ancieut sea 
bottom, occupy « lange part of northern Ania and Europe. ‘There ia 
barren, frozen tundra in the north, barren, arld steppe land ia the 
south, anil forest and farm land between, 

49. Plains and Prairies of Central United States.—In 
ancient geological times a sea bottom between the moun- 
tains of eastern and western North America was also raised 
above sea level. From time to time it has been reélevated, 
and numerous additions have been made to its southern mar- 
gin, Denudation has also boon at work, lowering and sonlp- 
turing its surface, so that in places it is hilly. It forms one 
of the largest areas of plains in the world (Fig. 21). 

Near the Appalachian Mountains the plains reach an ele- 
vation of 2000 to 8000 feet ; near the Rocky Mountains they 
rise from 5000 to 6000 feet above sea level, From these 
higher portions, really plateaus, the surface slopes toward the 
Mississippi, making a broad valley which that river follows, 
receiving long tributaries down the slopes from either side. 


separ om 
‘Wo sopuniey Vv — “ont “Ore “OPE PLE HIYA UE §] VOT MOFA ONL SSIES MON OULON 











greatly 
erop could be raised the first y 
work of clearing land for farming ; 
wis found ont, settlers came rapidly and 


cities spring up, especially if agricultire 
‘materials for manufacture and a market 
ets, These conditions all exist on 


tx has plains similar to those already 
pliins of the Amazon, of Argentina, 
instances. A very large part of the 
‘of plains (Fig. 21) that ut one period 


m raised from the soa. 





"Fig. 139, —Extent of the extin 
se co he ae ed re 





fertile pi plain (Figs. 131, 192), one of the most famous wheat 
of tlie world. Its surface is so smooth that, after a rain, 
stands on the ground in sheets, 

A largo lako also once existed in the Great Basin, round Great 
Salt Take. When the climate became arid this lake way dimin- 
ished by evaporation, leaving only small remnants, of which 
Great Salt Lake is the largest. These remnanta oocupy shallow 
Aepressions in the level lake-bottom plain (Figs, 133, 180, 301). 


Fis, $81, —The lake-votiom pinin of the vary of she Red Ri 
Notles Row very level it 1s (200 also Fig, Lz). (Fargo Shoot 
‘Sarvey.) 











Fra. 182, —Wheat folds on the Red River valley plnins (Fig. M83). "Chew 
plaina are almost as lovel as the se 





Fie. 158.—Salt Lake Chty, on the plain formed in the bottom of ewaleat 
. Bonneville (Ig. 201), a 


@ plain in wniform rock (4), through 
Jomaruniy (0) aad od age) 


eral Be nit pt fei nln 
uplift of thegand (Fig. 


feet, 
if in sheets, the durable layers form 
a cither side by belts of lower land, 
lio (Fig. 135). The plain is, therefore, 
or belts, of different level, corresponding 
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to the differences in the strats. Such s fand sur 
coustal 


Pra 385,—A potted constal plan, ‘ive lifreat | 
‘eriabola (dots aud lines) reprenont different tay~ : 
ers of tock, gently Inclined toward us, 


PLATEAUS. 


52, Nature of Plateaus,— When mountains are | 
the country on either side is also raised, often with: 
folding of the strata. As the mountains rise 
adjoining plains become more elevated, espeeli 
mountains and between the ranges. ‘They may 
that they deserve the name plateaus, for a plateau | 
elevated plain, The plateau along the western 
Appalachians (Fig. 146) is 2000 10 8000 foot above 
at the eastern base of the Rocky Mts. (Fig, 129), fro 
to 6000 feet; between the Rockies and the Sierra 
often 7000 to 8000 feet; north of the Himalayas (Pig. 
over 10,000 feet. 

Owing to the close relation ‘between plateaus and moun- 
tains (Fig. 136), the struta of plateaus, though mostly hori- 
zontal, are sometimes brokun und tilted; in fuct, there is every 
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slight ly tiltod plateau blocks (Fig. 155) to 
va has often welled from the fissures, 
ge areas of country, as in the Columbia and Snake 
(Fig. 476). 


— Plateaus are elevatert plains, raised during 


a of ‘Plateaus. — Rivers Spon aia 
history as 5 plains (p. coe 










streams teas pistes into extremely 
with divides, and di 
lis and rapids. Tho valloys grow broader, the sur- 
eal goalty, in old age, the land is level ie 
as is juently retat 
climate eieead Gree. peyigh 4 
). For this reason many final aint a in 







ophy 140, 148), while in moist climates denudation 
more commonly rounds the edges of the strata. 

‘Summary.— Plateaus, like plains, pass through stages of youth, 
waturity, and old age, But, since they are higher, the time required 
fo lower them is longer, send the kenid forms produced are more voxel 
‘The arid climate of many plateaus retards denudation awd therefore 
prolimgs youth, 

54, Canyons, — A canyon is the deep, steop-sided valley of 
‘a young plateau atroam (Figs. 137,188). Canyons are found 
on most plateaus, being a characteristic result of the early 
stages of river erosion in high plateaus. By far the best in- 
stance is the Grand Canyon of the Colorado. (Frontispiece; 
wee also p. 322.) 

. 


— . 
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For about 200 miles the Colorado River flows in a canyon, 
in one place 6000 feet in depth —the deepest canyon in the’ 
world. Some of the grandest scenes in nature are the views 
looking down into this river-made valley from the canyon 
edge, or looking upward 
from its bottom. ‘The inter- 
nal structure of the earth's 
ernst is here revealed — 
thousands of feet of strata, 
layer on layer, appearing 
one beneath the other, One 
cannot look into this enor- 
mous cut in the earth with- 
ont realizing the vast work 
which a river can do when 
time enovgh is allowed, 
Yet it is the work of a 
young stream still cating 
down toward grade. 


Summary,— Deep, steep 
sided valleys of young plitean 
streams are called canyons The 
greatest of theve ix the Cane 
Fig. 180.—The Colormle Canyon from yon of the Colorade, over 200 


ie bottom, A view showing tho 2 
Nae tons of howe miles. lo ug and, in one plece, 


‘onturesome tripthrongh thecanyon. 6000 foet deep, 





55. Mesas and Buttes. —In plateaus there are many flat, 
table-like surfaces (Fig. 140) faced by steep slopes, often cliffs. 
‘These are mesas, a Spanish word meaning table. An examina- 
tion of such & mesa shows that the rock on the top is hard, 
oftenlava. These table-top surfaces are due to the fact that 
the more durable rock layers have resisted denudation; and, 
since they are nearly horizontal, have held the surface up to 
‘a general level, parallel to the stratification. 














ee s Sad 


Tic. 1W0,—Mom Verde, Colooado. “The hortsontal hant strato that protects 
Uhese mosas from being Worn away has a atoep aiopy, wile ihe aaftee trata. 
Dewath hare w Moore gentle slope. 





Frio. Ml, —Crow Heart Butte, Wind Bivor, Wyoming, 








straia of o plateau, 





Poa. 163, — A rejavenated river. In the left-hart figure the stream has reached 
‘grade and ts swinging over a floodplain In a gently sloping, matare valley, 
In the righbliand figure the land has been apiifted and n young valley ts sank 
{tn the bottom of tho roture valley, preserving some of tie meanders that tho 
sstromm had bofore the uplift. These may be called entrenched meanders, 
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Small detached sections of mesas, cut off by denudation, 
are called buttea (Figs. 111, 144). They, too, are onppod by 
durable layers which havo presorved them from being worn 
down. The pres- 
ence of these flat- 
topped butte and 
mesa areis nc~ 
counts for thename 
tableland, often 
given plateaus, 


Summary. — Mlat- 
topped areas, called 
sovesers if Farge, butter 
& amall, due to the 
resistance of horizon 
tal beds of hurd rock, 
are exmmon among 
plateaus, giving rise Fia. 14.— A butte on the Great Plains 
to the name tableland, 


56. Superimposed and Rejuvenated Rivers. —In cutting into the 
steata of plaine and plateaus, rivers may wear down through the 
horizontal layers to buried monntains (Fig. 123), Such rivers are 
maid to be superimposed on the buried structure (Fig. 142), The 

Colarado River, for example, has discovered au old, buried. moun- 
tain mass in one part of its canyon. 

An uplift of the land gives a river new life, or rajavenates it, 
‘The stream then outs a narrow gorge in the bottom of its old 
valley (Fig. 143), Such a valley is rejnvenated, or made young 
aguin. 








‘Summary.— Superimposed rivers are those which cut through one 
et Of liners to another of different position. A rejuvenated river ia 
me wale young again by any cause, ae by uplift. 


57. Climate of Piateaus. — High plateaus are cold because 
they reach into cool upper layers of the atmosphere. On tn; 
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plateau of Mexico, for instance, the climate is tropical at 
the buse 3 coffec is grown on the lower slopes; but grains are 
the chiof crops on top. In the lower Colorado valley, in 
Arizona, the summer climate is almost unbearably hot, while 
on the plateau itis pleasantly cool, The plateau of Tibet isso 
high that it basa cold, disagreeable climate, even in summer. 

Plateaus are often associated with mountains, which shut 
out the rain-bearing winds. Many plateaus are therefore 
arid, and some, like central Asia and parts of western United 
States, are truc deserts. ® 


‘Summary, — Pitenus have a cooler climate than neighboring 
Jowlands ; they are often arid. 

58. Inhabitants of Moist Plateaus.— The plateau at the 
western base of the Appalachians (p. 80) includes the Cate 
Kill, Alleghany, and Cumberland mountains, Ip is dissected: 
by valleys, often 1000 feet deep (Hig. 145), with sides too 
steep for cultivation, but, owing to the moist climate, clothed 
with forest (Fig. 146). ‘Thore are no true buttes and mesus, 
and no real canyons; but the surface is, nevertheless, very 


Mueh of this plateau is a wild region, with a sparse popu- 
lation, und with its forest areas still ocoupied by wild animals. 
Tt is an important source of timber. The seuttered farms 
are poor and, south of Pennsylvania, where the ragged, 
timber-coyered surface interferes with communication with 
the outer world, there are sections in which the people are 
very backward. Many cannot read or write; illicit distilling 
of whisky is one of the industries; and, in some part, there 
are family fends and lawlessness, resulting in much loss of life. 

The discovery of coal has led to the opening of parts of 
this plateau to other occupations than lumbering and the 
trade farming of the backwoodsmen. Tn this respect the 
plateau of western Pennsylvania has advanced far beyond 
that of West Virginia, Tennessee, and Kentucky. In New 
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h of grass (Figs. 127,128), 
s dryness there is little farming, except near 


fide 
‘usually impossible to lead the water out 


occupied the arid platoau of southwestern 

d by means of irrigation For 
of more gavage Indians, they often their 
on the buttes and mexas, which they resemble 
|. From them they could lodic out over the cone 
from enemies by the steepnesy of 
Somo Indians (Pig. 148) still Hive in these 
Tndiuns lived in caves in the cliffs, and still 
mehanging ledges, where weather and wind hab 
rocks from, bencath tho more durable, ledges. 
cliff choellers, tho formar cave dwellers, Those 
no longer vecupied. ts 
Arid, pluteans are usually sparsely settled, the teat 
Doing ranching, with forming by trrigation where 
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DESERTS. « - 
60. Nature of Deserts. —A desert is a h fow 
cold, 


forms of life can find sustenance. Thus, by reason of 

the vast expanse of ice in Greccland is Caer 
is such none that, in a large part of its aren, mo or 
plant can live. The term desert is, howover, cor a ya 
plied to those lands on which there is ao little 

‘only few especially adapted animals and plants ean ive 
About one fifth of the land has an annual rainfall of less 
than ten inches and is, therefore, desert ; and fully as much 
more is arid, haying too little rain for agriculture? 

It is a mistake to suppose that no ruin falls in deserts, for 
there is no land on the earth so desert that it does not Irave 
some rainfall. One of the driest deserts is in southern Peru, 
where, close by the Pacific, a period of seven years has 
elapsed between ruins. Nov is it correct to imagine deserts 

roary wastes of sand and monotonous expansos of 
Tt is truo that there is much drifting sand, and m0s 
deserts aro either plains or plateaus; but desorts also hat 
many bare, rocky slopes, and even mountains (Fig 
152). Where the mountains rise high enough, rain | 
their slopes, streams flow down their valleys, and forests 
clothe their sides. 


Summary. — Deverts wre due to cold, and to lack of ratty, thowgh 
‘exen the driest fave some rainfall. Most deserts are plains and 
Pratexus, with mnch sand, though there are also mountains and 
many bare, rocky slopes. 

61. Drainage of Deserts. — With so little ruin there is matu- 
aur little druinuge. Most of the ruinfull either quickly 

waporates from the surface or sinks into the soil; but a 
are rain is followed by a rapid run off, because thure is little 
vegetation to check the flow of the water, Heavy rains 
known as “ cloudSurets,” sometimes ocour, especially in the 


4 For explanation of desert climates. mo page 28%, 
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penta which, however, qui ae ae 


‘Bocauso of these sudden floods, it is dangerous to camp in 
dried-up stream "bed, or arroyo, Railways crossing deserts are 
often damaged by these floods; crops and houses are washed away; 
‘and vast quantitics of sediment are brought down. This forms 





“ flow, and some have so large and steady a 
water supply that they are able to maintain their course 
soross a desert, ‘Thus the Colorado River and the Nile, fed from 


arvas of glistening salt or allcali. 

y.— Mort desert streams are intermittent and subject to 
astonal floods; but some large rivers, fel among the mountains, 
in their course across the desert. Many streams waste away 

om the aad ent in alt lakes, salinca, and alkalt flata, 

62. Wind Work on Deserts. —On doesorta the work of the 
| pian 147) is more important than that of water. Small 
t are common on hot summer days, and even 
| )windas drift the sand and dust along the surface. 
Violent winds raise the sand in the nir, causing fierce dust 
as which obscure the sky and land, and even endanger 
Daring such a wind the movement of the sand may 
the details of the land surface. The finer 
far away, dust from the Sahara having 

Europe and on ships west of Africa. 
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this wind work that pil 0 
vwith deserts. | Thegud ire iw einer ss ' 
from the hee (fi 161), and brought down by: 
‘Ibis drifted about, and gathered into vast areas of sand 
ich are so difficult to cross that, wherever possible, caravan 
carefully wvoit them: The sand dane hills may reach « 
heigl evens higndred foet, though ali hy ee 






hie 147. Ripple marks canwed by w fue blowing the suod about fy soaile 
estern United States, on the Mexican boundary. 
Tli¢ frontis stovp on tiv side away from the wind, and the surfaee 
ia rippled-with sand waves (Fig. 147), formed by movement of the 
sidbéfore the winct. Sandidune hillyslowly change form and paii- 
tion, nnd cities in contral Asia havo been buried by thelr advance. 


Summary. — Winls mare the emai rock fragments about, deceine 
fervorible positions, thus forming belts of maul 


ying in form and position. 


$3} Lifeon Deverts, —-Desorts offer itile inoentivetohias 
occupation. ‘The barréhness of the country (Figs. 148-1) 
























monotonous 
paving learned. how to.nse the 
carrying their burs 


nomadic 
anit in caravan trade by use apie eet 


my Questions, Axp Scaorstioms, 


dopth, origin; revult if uplifted. 
‘Origin and instances. (0) Atlantic Cr 


‘Siberian Plains. riont origin} vondlton of 
¢ the forest bolt; the steppes. 





NEW PHYSICAL GEOGRAPHY. 





and Prairies of Central United States.— (a) fox 
; later chaniges; ange ‘ 





0) lxins: climate; grazing; [tare 5 Giml Prairies: 
eauso; Influence on settlement. (f) Mineral deposite: influence 
‘on manufacturing. (e) Other great plaing, 
Plains, — Lake bottoms; drained lake bre Red River 
valley plains; evaporated lake bottora plains; other claases of 
Gi, Lite Ristory of « Plain, — Young plain; mature plain: old plain; 
altel opastal plidon,—ptrata, danbdation, tee 
(2. Nature of Plateaus. — Association with mountains; rulationship to 
pinine: elevation af certain plateaus; tilted plateau blocks; lava floods. 
Sculpturing of Plateaus. — Life history; effect of arid climates 
oe Canyons. — Definition; ooourrmios; Colorado Canyon. 
55, Mosas and Buttes, —Mesas; buttes; tablelands. 
GU, Superimposed and Rejuvenated Rivers. — (1) Superimposed: mean- 
ings ‘example, (0) Res Rejuvenated. 
-. Climate of Plateaus. — Coolness; Silustrations; arid climate. 
a Inhabitants of Moist Platesus.— Surface featuros of platesa wort 
of the Appalachians; inhabitants; oceupations; coal mining: New York. 
GA, Inhabitants of Arid Plateaus. — Climate; ranching; irrigation 5 
Tndinn pooblos; cliff dwellers; cave dwollers. 
Two causes; extent; rainfall; aurfaen faataires, 
j ran off; “oloud-barsts”; arreyos 
reatna; large streams fed from moun- 
tains; withered streams; salines; alkali flats; walt Inkes; nas, 
Deserts. portance; sand storms; source of 

















onses: nomads; carmel. 

on the sea bottom off the 
North American coast? What would result if it were elevated? 

47. Wher are coastal plains found? Why? Why is artesian water 
found in them? What industries are diweloped om the Atlantic constal 
plain? What is the nature of the const line? Why? What are the 
evidences of youth? What are the caus and effects of the Fall Live? 

48, What is the extent of the Russian and Siberian plaine? What ix 
their origin? What proof is there of youth? What are the eonditions 
in the northern, central, and southern portions ? 

49. What is cho genoral condition of the plains of central United 
States? What oro tho conditions on the Great Plains? Why are the 
prairies treeless? Whnt effect has this condition had? Account for 
tho dovelopment of tho coutral plains region. Whore cleo are similar 
plains found? 













sparsely inhabited? What aro the indus 
‘of the Seuthwnst live? 
deserts, What nbout the rainfall? ‘The 


‘industries of deserts? What are nomada? How 
is the camel? 


‘ovaporati, instead of drawing it off. ‘The condi- 
valley-can be imitated by making one side of the 
‘or ico and allowing it to melt, thus draining the lake, 
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(@) Make a agin viinilar to thy above, but use salt w 
m the water before pouring it in), Thon allow it 
Gh the result? ‘This ix similar to the conditions which have caums 


inehion thick; cover with a piece of thin cotton oloth, or 
and thon place on this a layer of clay four inches thick. Extend 
down oyer the lower edge aud the two sides of the pebble Tayer, ma 
it so tight that water will not soop through easily. Pour water in at 





flow out of the tube as wn artesian well does. (5) Make ccsalk pe 
clay, sloping in one direction, and slowly sprinkle it with » spray of wuter, 
Watch carefully aud describe every stage in the wearing away of the 
plain. (6) Make a much higher plain, to represent a plateau, and no 
the differenoe between the wearing away of the two. If a very 

layer id made with a little plastnr of paris in it (not too firmly 

Duttes and mevas may be made by sprinkling, (7) Map studies: | 
gested in ‘Appentix 2 


Reference Books —Tanr, Physical Geography of New York State, 
TIL, Maomillan Co., New York, 1902, 88.50; Cirasumnnars, Artestan 
Wells, Sth Annual U.S. Geological Survey, p. 191; Satimuny, The 
Physical Geogrophy of New Jersey, Nuw Jersey Geological Surwy, Tren 
ton, NJ, 1809; Ape, Physiography of Maryland, Vol. 1, Part Tt 
Maryland Weather Service, Baltimore, Md., 1800; Caspnxte amd 
Mexpxxnant, West V Annual 0. & 
Survey, p. 480; Powxxt, Kxpleration af the Colorade Ri 
Washington, 1875 (out of print; second-hand stores); Powett, Canyons 
‘the Colorado, Flood and Vincent, Mesulville, Pa., 1895, 310,00; Duras, 
‘elorago Canyon, 24 Annual U. 8. Geological Survey, p. 49; also Mono 
graph Tl, U. 5. Geological Survey, Waahington, D.C., $10.00, 























iplox folding often so alters, or m 
vit is very difficult to toll their 
Tgneous rocks often eut across 


folding. cid faenting, ont they are also very complex 
thea respects mountains contrast strlicingly with plato 


applied to Parts of Mountains. —A. 100 
% eS ‘of mountain folds, raiand by gent 
bar A mountain system 
(Fig. 153). A group of m 








fp 8] waOe a2 GORA 50 smOK NakorreA oN nos plladMAp sxooNTH 10 rOqaTTE & = 
oxy “en[wyniNoM FujpEMossne ogr BAoqU SUySHL “ely HHP w) AWHL SO PE dow 











ast Mountains are well watered 

vapor-bearing whads blow, and often crit nik 

68. Denudation of Mountains. — The 
elevation of mountains give high power 
denudation. Because the rivers are well 
they are able to cut deep gorges (Fig. 16) 

Weathering is also very active, 
above the timber line (Figs. 4, 160), where 
vegetation to offer protection to soil and 
situations tle rock is exposed to sharp cont i 
ture between day and night: frost action is vi 


fig nema the slopes aro often a0 4 
aan to their base (Iigs. 4, 183). § 
SRF GRees Mi eacHod hay iy acre ary oh ne OE 








pies £204 6} SoU OO 





1 ance eoctogs 003 OVE — "CLL 


pen wooge erp Suyuas9y aupmas Jo eeIVAATe MT] HILY oe CY OUT ZoaNs 








Pia, Wi. — Paths of avaluoches through the forest on Hayien Penk, Coloralo. 





Fig. 12. — Surface o! the avalancho tht crossed the Stmplon Piss road, coming 
down the valley tn the background. 


large areas are uninhabited. 


ee erosion and weathering aré very active among 
|abore the timber line. Rock fragments, falling 
their base us talus, débris cones, and 

‘avalarichen 
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69, Resemblance between Mountains and High Plateaus, —Some 
plateaus are more elevated than many high mountain peaks: it 
is only vory lofty mountuins that rise higher than 10,000 fect, 
and yet there are plateaus which reach that level. These high 
plateaus are often so carved by vigorous denudation as to closely 
resemble mountains (Fig. 146). They are, in fact, sometimes called 
mountains, 


‘The Catskill Mountains, for example, are not mountains in the 
true senae, but disseeted plateaux. In the Catskills, denudation 
has carved out peaks and deep valleys with precipitens siden but 
the neatly horizontal strata prove that they were uplifted ns 

. 


RRR pe 


Fig. 161. —A section showing folded moantaln strata (on the right) grading inter 
‘Une horizontal strata of n platewa (on the left). Compare the 1¥o portions 
Ym Foggedneas and elevation. 


plateaus, not as mountain folds. Such mountain-like plateaus are 
usually near mountains, and gradually merge inte them (Fig. 163). 

Summary.— Vigoruns denudation ao seulptures high platenns, 
Uke the Catskills, a8 t0 ncike them rosetnble mountaxins iw ragged 
nexe ; but their strata are horizontal, 


70. Distribution of Mountains. — Although mountaing are 
typical of continents, there are ranges in the open ocean; for 
example, the New Zealand and Hawaiian islands. The latter 
are volcanoes rising from tho crest of a submaring mountain 
fold, having a length of 1500 miles. Thero are many other 
ranges in the ocean, especially in the South Pacific, 

Mountains are common at or near the border of continents 
(Figs. 20-27). They sometimes fringe the coast, a3 In thecase 
of the Kurile, Japanese, and Philippine islands, and the East 
and West Indies. Mountain chains also extend from the land 
inta the sea, forming peninsulas; for example, the peningulas 
of Lower California, Kamchatka, Malay, Greece, and Italy, 
Tnother places mountain systems form the very border of the 
continents rising directly out of the sea, Such a condition 
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a well the Const Ranges of western North 
ep Ree Barrera 


ten far from the const; for example, 
the A ants Rocky Mountainy Sierra Nevada, and the 
Steatal i rope and Asia. But most mountains 
Mates terrax toe ncntice cotter eens Bese 
te num| moun! systems exten 
north to south (Figs. 20-25). It is to this fact that several 
of the continents owe their shape, —that of a triangle, with 
aparece: from north to south (p. 23), ‘There are, 


ee my ranges running east and west, especially in 
Eavope (Fi 
far beon disco 






rope (Figs. 26,27). No regular law has thus 
ered regarding the distribution of mountains. 


eat apeeetated on continents, both in the interior 

cand along the border, where they form chaina of islands, pentvenlas, 

which vise ot the wery margin of the laud, They ales 

form island chains in the open ocean, Soine extend north and south, 
others east and west. 

a. hes ‘Mountains. —The explanation of mountatna most 
is that of confraction (p20). As the heated 
cools and shrinks, the ‘eold crust sottles; 
the constantly ahrinking interior without wrin: 
mountains, which are wrinkles in the earth's 
‘You can ilustrate this by covering a ball with a thick 
‘cover a littlé too large for the ball, then trying to press it 
tho ball. Some parts of the cloth must wrinkle. 
evidence that mountain folding has cocurred again 
in the same place ; also that this growth has been slow. 
mountain systems have risen in castern and weatern 
7 Tmt, in the plains betwoon, there has teen practi. 
jntain formation at any period. The same is true of 
‘the earth, 

—Mountatne ave wrinkles of the earth's crust, caused 
on the cooling and contracting interior. They have 
Mowly and by successive wplifte. 












235549 


mn 
ili 


jul 


would probably exist 


guch & mountain there is no ridge, but a central aren 

which the surface slopes in all directions. This type - 

trated by the Henry Mts. (Fig. 164) and othersit: the West 
A third simple type is ‘the evenly folded monntai 

trated by the Swiss Jura (Fig. 168) and parts of the Appar 

lachians, When such mountains are formed the suri 

thrown into a series of regular waves, like the waves of 

the anticlines forming mountain ridges, the syncliney, ¥ 





FUG. 10. — A party, of broad, open mountain valley ta the Roeky Mountains, 
Salar Mountain is in tho distance. 








Fis, 166. The timber Hoe on Atpine Pass In the Rocky Mountalus of Colorado. 





Wie. 167. —A dooy, narroy gee fv Lhe Ale. ‘Therwaro ut holes just above the 






showing that the strean bottom was ouico at that Tevel. 
‘This gorge in being rapidly deepened. 








may continue until the n 
reduced to a series of low, rolling hills; or 
to 6 surface almost as level as a plain, Such 
known as.  peieiais (lone plain) (Fig. 171). 
ins are then old, and are, like plains, adapted 
ent. New York Gity, Philadelphia, Balti 
Washington are situated on such old, worn-down | 
‘These ancient mountains, known as the Piedmont b 
from New England to Alabama, east of the Appal 
After being worn to low relie?, n mountain region may! 
vated, and caused to start on 4 new life history, as ha 
caso with the Appalachians. Then denudation may teh 
ridges of hard rock into relic? again, and form broad valley: 
where the strata are weak (Figs, 172, 173, 192, 193). The broad 








i 20 A rgd sg, nn pak he Am, crv out bch ati 
Yheso young mountains, The house ts a summer hotel fue 








of the Appslactiian Mountalws crowed by the Sosquebannm. 
(Marden’s model.) (Bee aise Fig. rd —- 


tetie the vrigi oF the A 
te Jow roflel, os tn the 
v 


wotween the ridges Im the 





Stor ins otis Uns broadening the valle 
tho same tine narrowing the ayneliual valleys. 





rodvaily eat buck want until it resctos . 
‘course to the wea. It then captnres tho xteeam and leads it out to the sea by 
the shorter comnse, as xhown In the righthand figure. 





Phan. 194, 275,17, 176, amd 178 ory introns for sone Maly, supplementary 
tect. 
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-woll settled (Fig, 466), but the ridges ara too rough 
for farming, & pegirhes prepa One 
streams leave the broad valleys to cross the ridges 


“ flow in marrow gorges, or water gape j- 178, 
“coking ictamtln opr oN 






bard strata, 

— As mountains rise, the effect of denudation increases, 
(onc mountains are therefore made ragged. 
mountains have been fowered and the valleys broadened; and old 


‘apencplain. Uplift alloes denudation to again etch the hard strata 
into relief. 

74. The Drainage of Mountains. —In early stages, in con- 
sequence of the slopes, numerous short streams flow down 
the mountain sides in gorges; and longer streama follow the 
broad valleys botweon the mountain folds. Here and there 
the main streams cut deep gorges across low points in the 


folds . 168). In such bese. costa na on 
pea first, numerous Inkea held up by the mountain 
dams. These, however, arc soon filled with sediment brought 
by the mountain torrents. A slight renewal of mountain 
imovement may warp tho valleys and form new lake basins 
Sain” ‘of the Alpine lakes, such ax Geneva, are 
vation of the land ceases, the valleys pass through 
the stages of youth, maturity, and old age. But the greut 
elevation, and the hard and complex nature of the mountain 
rocks, make tho life history of a river valley in mountains 
than in plains and in most plateaus, 
he wearing away of the weak rocks leaves the hard strata 
standing us divides (Wigs. 88, 154, 169). As the surface 
woars down, tho divides still remain on the more 
durable strata. ‘These mountain strata usually incline, or 


dip; and, us they are slowly worn away, their crests, that is 
the divides, not only become lower, but shift to ono side 
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sr Seat daw of mnetlinaty 





territory of its op- 
Tfit suo. 
of 


il 
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‘FiO, 170, —To Mingtrate the migration of divides, A 
hard tayer A forma a divide ridge. When the wur- 
figure the Me dil Have mipsel 9 ther, 
eakenait tee soue ferns Piya 174,17 ae reid 

power than another: one may have more rainfall; or itt 

haye a shorter and steeper slope; or it may haye aye woak 
strata to remove while its opponent struggles with hard strata. 


‘There are numerous illustrations of such migration brid divides, 
Tn the Catskills, for example, the streams descending the steep 
eastern slope to the Hudson have pushed the divide tartar ont 
captured the hoadwaters of streams that have a long, gentle 
slope (Fig. 177). ‘The Appalachian rivers,—the Potoman, Sus- 
quehanna, Delaware, ete.,— which cross ridge after ridge (Figs.172, 
192), are believed to have slowly eaten their way across the moun- 
‘tains by headwater erosion and river capture. Wind gapa of the 

Appalachians are also caused by river eupturo (Fig. 178). 


i 
i 





Hall 


Fig, 177. The headwaters of 
‘and flow a long distance, 
streains bead in the 


Two ory 
ih my otiense atts iculwaves (ent aand 

ris Limomatiive hat a the Cola” eke that the ieeatirias of 
captured sizcams Join in barb fashion. 





Fig. 178 —fo the loft-hand gure two streams crow a mountain ridge of hart 
‘rock. A teibulary of the upper one heads back nwarly Lo the polnt where the 
Jowor ome turns 10 cross the ridge, Por aome reason (perhaps greater volute) 
tho upper stream has more power to cut into the ridxy, thas deepening ite 
‘alloy. This gives to Ms tributary a dope which pormite it to gradually oat 
Dackward uncil 1 taps the lower wtream, drawing it off through the upper 
water gap. This leares a wind gup where tho lower stream formerly cromad 

tide (gic Sie) 


Fro. 179, —~ Tho process of monoolinal shifting, Muntrated in Pigs, 17k 

‘carried farther In tis diagram, In the upper diagram there are 

5 d and C in stonll valleys im the antiolines, Bi 

mynelinal valleys cnused by down folding, They axes 

tain form, In the middle figure thete is litele change, exe 

celina! vallos® have boon lengthened and deopencsl, this belie 

they aro so bigh that the streams have much pow 

streams aro held back tn wie work by lakes (nok 

Atenta. ‘Tho lower figure representa a rnuch later staze, Hn Wiel 0 

thas been greatly worn down. Movoclinal sbifeing has pushed 

away from the anticlinal streams (Fig. 114), therefore bromfening | 

awnd narrowing tho xynelinal valleys. “This tins robbed the aynelinal 
‘water, and consequently weakened them, while It hus Ineruased the 
‘Ge antlolinal wtrearm. Ax a result, the conditions have bem rervesed from 
‘the first stage, and the anticlinal streams, A and C; lor In Broad, deep vale 
eye, while the synolinal streams are in high, narrow valleys. on the tops of 
synolinal mountains, Instances of this change are found in the Amcalachinns 





"These slopes are cultivated, growing olives and grapes, and towns 
‘tho mountain lite wherever there is enough level land, especially 
on tho stream doltas (Pier. 101, 207). 


"cin, orl the dvep valley oecupied by Lake 








io. 181. — The high, mow-covored sopos of the Jangtma in the Alps, showlng 
MUNIMET PaASUMZS above the Cimber Line, and up to tho very edge wf s 









Fro, 182.—An Alpine valley and villago, Livm which rise the are 


tain slopes, down which rock wasta Ln streaming, forming 








Pio, 18 —The bare, rocky slopas uf the high Alps, among whtch mem do not 
ive, The houses aro hutels, open only for twe or three mouthe 








mountains are paciry large areas aro 


iiss for eallvease puke age 


ee a te 


where the climate is that of the cold 
109), evergreen trees prevail, and only 
in be raised. Most of the land unt as 
a pasture, and cows and goats are raised 
‘Between the timber line and the snow 


x rs 182, te). 





i 


reached in which there ara no tnhabétents. 


76. Mountains as Barriers. — Mountains are b 
passage of animals, plants, and men. On a 
And plants spread freely; but the ruggedness and, 

tains check, and in many cases prohibit, the | 
Biz on and the spread of plants. Eyen the 
“mountains, like the Alps, have deep snow until 

The low Appalachians served as a barrier to the w 
apread of the early colonists (p. 808). The Alps 
have always been an obstacle to man, being 
with difficulty and along the few passes. The 
(p. 388) are an even more effective barrier; and the Py 


— 


Vio. WH. —A railway crossing the Asdes of Pers. 
‘There are three levels here, as in the Bt, Gothand 
allway (Ig. 18. rising 

Sectloalen eee 

sweeping curves, now cross the principal Alpine pasoes (Pig 185). 

In places where snow-slides and svalanches are common, the 


















UA summer hotel on a pase war sertudelwatt In the Alpe ‘The 
“mountaln in the distance, o1 Che right, is the Wetterhorn. 


Aopes of the Adirondacks, with a bewatifol lake 
tas rulloy Sm the midst of the fore’. ‘Copyright, Lass, by 8. E 
‘Bioddand, Glens Walla N.Y.) 





Fro, 189, —‘The 





wnestaccrrered| slopes of the White Mountaius of Naw Hamp 
shire, a famous summer rasan’, 





¥ia. 190. —Silverton, Col, a mining town tn a Rocky Mountain valley. ‘The 
timber line ia seen on the mountain slope. 








« 
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romains (Figs. 86,188,189). About one fifth of the surface 
i Sacto and much of the remainder is 
either too high or too rocky for trees to grow. ‘The moun- 
taing of eastern and western United States still have great 
Ered iy iat and are the seats of important lumber 

ies, 


Summary. — Movntains.are important timber reserves becanas 
agriculture has wot demanded the removat of the forests. ra 

79. Mineral Wealth of Mountains. — The Alps have little 
valuable mineral; but the mountains of eastern and wes 
United States, and many other lands, are very rich in 
In the West, gold, silver, lead, and copper are most i 
tant; but zino, iron,coal, and building stones are also | 
In the mountains of eustern United States, coal, iron, and 
building stones are the lending mineral producta. 

‘The presence of metal has attracted many people to mountain 


regions, where othorwise there would be only & sparse po} 
of farmers, herders, bunters, and lambermes. In rugged mouti- 






eo inp 2 lng conor 
‘ring to Tight valenb wlaeral dapeaia, The Mineral beds and 
fais suviocesta,tsivebediey beets fy foldiog ef he 
Wut folding has raised It, and deep mountala pax par! te 
‘valleys have expoued it tothe alr. valleys them : 
tain rocks (Fig. 191). Sometimes they are preserved from erosion 
by being folded down in the synclines, as in the case of the anthra- 
cits coal of Pennsylvania (Wig. 194). This was formed at the 
same time as tho bituminous coal that is found west of the Appa 
lachians; but, during tho folding of theso mountains, the pressure 


Yo, 











. prone 
Pia, 192. — Topographic map of Appalachian ridges whore crossed by the Sus- 
Qushanna nbove Harrisburg, showing the broad valleys aod Ye WarTira 


es eet a (Marrisvurg teat, 0-S. 


—— 
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it to “hard” or anthracite coal. At Scranton, 
and elsewhere, the anthracite is now being removed 
the synclines in which it has been so long preserved. 


fm tah ee frakas Vee ee vats) ab ities Deine: “mig baive 
folded down in @ aynclino, and tus preserved trom oroalon. 


Summary. — Many mountains contain vatuable mineral deposite, 
sehich attract settlers. Folding and erosion help to reveut these 
deposits ; anc sometimes they are prescrved in the aynclines, 


Torican Ovrtixe, Questtoxs, axp Scdarsrroxs, 


‘Toricat Ovrtixe.— 64, Introductory. — Influence of mountains on 
wottlement; reasons for studying about mountain 
65. The Mountain Rocks. — Position of rocks; faulting; folding; eom- 
plex folding; Appalachians; kinds of rock; effect of complexity. 
00. Names applied to Parts of Mountains. — System; rangy; oordillera : 
So dae Anterior basin; smaller basins; park; water gopi pass. 
‘Climate of Mountains. —(a) ‘Temperature: normal change; sow 
Himber line; variation. (6) Rainfall: rainy slopes; arid rlopes, 
‘ok Bein mains (7) River ervsion. (b) Weathering: 
motivity. (c) Talus: caus; for produced; change to fart 


ei ene (d) Avalanches: sizes effects; Simplon avalanche; 
Effect of denndation on land form. 


09, Sees between Mountains and High Plateaus, — Reserablanion 
io height; in rogyedness; the Catskills; difference from mountains. 
70. Distribution of Mountains. — In open ocean ; fringing continents, — 
Rsishar poninsulas, and contineut border digection. 
71. Cause of Mountains. — Contraction thoory; successive uplifts ; slow 
fpromth; absence of mountains in cortain motions. 
FE Types of Mountains. — Vaulted blocks; domes; regular folds; 
complex folds; cause, charactoristics, aud examples of each. 
Th, Life History of Mountains. — (a) Young mountai ly growths 
ereieoa volennoes; jncreasing denudation; valleys; unfitness for 
(%) Mature mountaive: broadoning; lowaring; 
ae aed for occupation, (c) Old mountains: farther reduc- 
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tion; panoplain; settlement; tnatanco: Medmont belt. (a) Renewed - 
elevation: Appalachians; ridges; broad valleyss eee 

Th The Drainage of Mountains. — (a) ee irainage: stream 
courses; lakos. (0) Life bistory—eor ith plains. (¢) Mono- 
clinal shifting: nature of process; tas (a i) River pirates: battle at 
headwaters; favoring eonditious; Catskills; Appalachians; wind gape. 

75. Settlement of Mountains. — (a) Unfavorable conditions. (6) The 
‘Alps: the base; the slopes: above the timber line; above the mow ling. 

76, Mountains as Barriets.— Reasous; instances; overcoming bar 
tiers, —roads, railwayy, tannels. 

‘7. Mountains a5 Summer Resorts. — Attraction: mountains visited in 
esatarn United States; the Alps; importanon to Switzerland. 

‘7S. Mountains as Timber Reserves, — Rensous for forests; instanoos, 

7), Mineral Wealth of Mountains. — Alpa; tho West; tho Eaat; effect 
‘on settlement; effect of folding and erosion; anthracite coal, 

Questions. — G4, Of what importance are mountains to men? 

65, What ia.tho position of the inountain rocks? What differences 
are there in the folds? Tn the rocks? What: effect has this complemity ® 

60, What are the following, and what cauaes each: mountain system, 
range, cordillera, ridge, peak, interior basin, park, water gap, and pass? 

67. What is the snow line? ‘The timber lino? How do they vary? 
What effects have mountains on rninfall ? 

08. Why are rivers and weathering very active ta mountains? What 
‘becomes of the fragments that fall? What are the nature, affects, and 
enuses of avalanches? What effect has denudation on mountains? 

69. Compare and coutrast high plateaus and mounting. 

70, In what situations ore mountains found? Give Glustrations, 
What about the direction of mountain ranges? 

State the theory of contraction. How do mountains grow? 

72. Give four types of mountains, What are the characteristics of 
each? How do they differ? Are they alike in any respect? 

‘78, What happens when a mountain fs rising? ‘effect hos 
denudation? What arv the charaotoristics of young mountaina? “Trace 
the development throngh maturity to old age. ” Give illustrations of each, 
Whatisapenoplain? What has boon the history of the Pedmont Bele? 
‘What changes have ocourred in the Appalachians? 

74, Desoribe the consequent drainage of mountains What is the 
normal life history? What causes lakes? How does the faw of mono 
clinal shifting operate? What are river pirates? Why do they sucosed? 
Give illustrations. Explain wind gaps (Fig. 178). 

75. Why are mountains sparsely asttled? How doos the appearance 
ef tho Alpe change from base to summit? How do the occupations vary? 
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78, Why are mountains barriers to the spread of animals and planta? 
pe I ieee Tow are these barriers now overcome by men? 
‘77. What attracts poople to mountains?’ Give instances, 
7% Why is there much forest among mountains? Give illustrations, 
‘9, What mineral deposits are found among mountains? What effect 
pos mountains in revealing and protecting mineral deponite ? 
Scacesttons. — (1) Slowly dry an apple. Notice lowihe skin wrin 
Ales ax the inside grows sthaller through ths evaporation of the water. 
‘Compare this with what ie happening in the earth. (2) Find out how 
the tire of a wagon wheel is put‘on, and why it fits so tight (3) Get 
metal rd, and have a thick metal ring made just too amall to fit ower 
it Soh oat OI ae ea Have another 
ring monde to fit the rod cxetly. Heat the rod and se if tho ring will 
geaverit. Whatdoesthiashow? (4) See suggestion for forecig abot 
Kirem om page 99, (5) Tt ix not very difficult to make an pparatux for 
Smitatiig the folding of reeks. Of one-inch bourda make a long, narrow 
box, ae 2 fent long, 5 inches wide, and 8 inchns deep, open at one end 
snd the top, Pluse four or five thin Inyers of wax, differently colored, 
on the bottom. At the open end apply slow, steady presture, best obtained 
by pope Tike that which sets a yise, fastened toa board that just 
fits into the end of the box. Before applying Abe preerers, yisod oma 
‘wax layers enough of shot to nearly fill the box. After pushing the layeran 
Paonia the shot, unserew one side, and the layers in show fold- 
ing aw ‘simpler experiment may be made by taking a series of pieoos of 
ual tafe althag {tiem bo the nase ioe, nal preeatng ther ip 
aah the hand. (8) Ts your homo among inountains, or have you ever 
among mountains? What ie the natury and position of the rocka? 
beeps mountains rise above the timber line? Are they young, mature, 
or old? Are they well Leet Why? Are there forests? Mineral? 
Are they resorted to in suinmer? Why? 


—Kixo, Manninineering im the Sierra Nevala, 
‘ork, 1002, $8.50; Lennock, Scenery of Switzerland, 
1806, 81.00; Reset, Southern Oregon, 4th 
“Burvey, p. 4G; Tan, Physical Geography of 

















Survey, p 9; Wresrs, The Northern Appalachians, 
American Book Co., New York, 1805, 
“The Sowhern Appalachians, same; Writs, Mechanies 
Structure, Purt TI, 13th Ansual U.S. Geological Survey, 








CHAPTER VII. 


VOLCANOES, EARTHQUAKES, AND GHYSHRS. 
VOLCANOES. 


80. Graham Island. — South of Sicily, in 1881, a new vol- 
cano was born. During the eruption large volumes of steam 
rose into the air, carrying up fragments of lava. The 
expansion of the steam in the melted rock caused numerous 
cavities, and broke the lava into bits of porous ash and 
pumice. Some of the lightest ash drifted away in the wind; 
much of the pumice was light enough to float on the water; 
but many of the heavier fragments fell back near the outlet, 
bnilding a cone which rose 200 feet above the sea and had 
a circumference of almost three miles. With this single 
eruption the life of the voleano seems to have ended; and 
soon the waves cut the loose ash cone away, leaving a shoal 
to mark its site. 

Other volcanoes, some in the sea, some on the land, have 
hecome extinct after a single gasp; but most volcanoes 
have a longer and more varied life. From some, ash is 
s erupted; from others, streams of liquid lava; and 
from many, now ash, now lava. Some erupt freely and at 
frequent intervals; others have violent outbreaks, following 
long periods of quiet. These differences between volcanoes 
may best be illustrated by studying a few typical ones. 








Summary. — Graham Island became extinct after a single eruption 
of ash and pumice, formed by the blowing up of melted rock by in- 
cluded steam. Other volcanoes have a much more varied history. 
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U.— Between Sicily and Vesuvius, in the 
s Aetiva voleata Strombol rial aes 





Fra, 195.— Vuleabo, owe of the Lipart Islands, to fall 
‘eruption. ‘This cone is now Inactive. 


the 
‘of St. Pierre, in Martinique, was wiped out 
lé voleanic eruption from Mont Pelé 
en 25,000 and 30,000 people were killed 










neighboring island of St. Vincent. 
eruption of Mont Pelé was in 1861; [n 


terrific and destractive eruption of La 
of St. Pierre had almost forgotten 
in the slumbering volcano; and, though 
was preceded by distinct warnings, 





+ it 
PrO, 195.—The vicinity’ of Mant Pelé: ‘The shaded 9,55. 
tea shows the some of destruction, 


rushed with the violence of a tornado, 

in its path. It overturned trees and 
tied a hollow iron statue, 11 fect high, a distan 
Most. of the deaths wore probably caused 
steam and hot ashes. 








Pia. 197.—The ruins of St, Pierre, from a photograph taken June 14. Moot 
Pelé ia in the background. 








Fro. (0K. — Valley of the Reartanc, neat St. Pierre, as i: appeared May 22, 1072, 
the trees killed and the wirface covered with veloanie aah. pa 


(Brom phetograpts ened by EO, Hovey of We Ameria Mumm <A Barun Wary) | 
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n several Inter outbursts, all, like the first, 
tl ino flowing Inva and eo ae ee 

\e eruptions have built a cone 1500 to 200) 
rater, und the ash ha fallon over the whale 
198) and the sea round about. After the eruption of 
‘of an inch of ash fell upon a ship over 100 
oleano, Ata distanes from the roleano the ash 
“but on and near the cone it is soveral fect deop, 
ly fallen snow. During each eruption the eon. 


in destructive mt flows. Some- 
— the eruptions will cease, prob- 
out agaist rte energy enough bax aecumulated. 


In May, 1902, after a tng period of quiet, Mont 
Soufridre burst forth in eruptions of ash, cavaing much 


of woleanie axh have been thrown out upon the ielawcle 
round about. The condensed steam, forming rain, has 
ash down the voleano sire, cxusing mud flows. 


jus. — At the beginning of the Christian era, Ve- 
Pelé, had long been inactive, and people had no 
Te had 







Bia. 301.—The form of Veenvins, or Monte Soma, 
Pofore 79, nocording to trade, Only w part of 
‘tho orator rien now srands (Fig. 19), the present 
eau rising on the site of that part of the cratar 
esos is 





Jn the year 79 it broke forth in a ter- 
aption which buried the farms and villages beneath 
ddestroyed Pompeii and Herculaneum. 














Fim. 36. —Vervius to oruption ts 1672, showing the steam rising from the 
ferwtar alae trom the tura that in towing down the slopes, 








Fis. BA. —The ordinary covivion of Venuvius. The lays in the foreground 
‘was erupted tx tat 


Pro, 205,— The cone of Vesuvius, in modorate eruption, July B, 


Fu. 26 —A view toto the crater of Vesavios. This 
‘during the above eruption, wheu te tava was drawn 
ordinary times the crater is ee ‘led with atoarn that o1 
down tntoit 








f— Monte Nuovo, a small ah cone, at the head of the Galt of Pozswall 
(Pig. BH), which was thrown op during an eruption in 15%. ft has not 
‘erupted ainoe, nnd its slopes wre now cultivate 












Pes. 308. —The crater of another voleanoat Porsuoll, also extinct. Steam and 
salphurous gases, forming sulphur crystals, still rise in this crater, apd 
‘Yegetation is unable to grow whoro they rise 








¥i9, 200,—Etna, with steam rising from its crater. Sovnral xmall cones, Inilt 
during oruptions, are alse shown on the Hanks. 





ro. 20. — An eruptica on the flanks of lta, showing wenn eisinig fem one 
Of thy stnalt come The distant, snow-covered peak te Seni. 


the wind blows, one looks down into # 
which vast quantities of steam rise with a 


ic of 
Mie fans take Arerss ls fa ¢ Fl 
of Ischia is a yoleano (Fig. 202); and 











of the land have sccenienint hs estate cetiviy of Ue 
region (Fig. 87), 


Pi ons hems pi oipati ee being tong dermant, Venwetns 
iri Boe an Hn hae hn el part 


84. Etna. — The greatest voloano in the Mediterrancan is 
Etna, on the eastern end of Sicily. Steam rises from its 
crater (Fig. 209), and every few years there is an eruption. 
‘Then lava issues from fissures in tho mountain side and flows 
in enormous masses down the slopes, even to the sea, often 
destroying villages on the way. Thore are scores of small 
cones, 200 to 800 feet high, built along these fissures (Figs. 
209, 210), 


Etna rises 10,870 feet above the sea, and at its base 
cumference of over 60 rniles, Tt is sp high that, although 
and bananas grow at its base, the climate at the top 
‘Thie great cone ia made entirely of lava and ash f 
within the earth by steam. The recent lava flows, 
fow scoro years old, are barren masses of black rock too rough 
cross, But this hava decays so readily, and forms so fertile 

the. 








soil, that ina century portions of a flow are fit for 
Soi] fy often gathered in baskets and placed between 
blocks for the planting of grapevines, 


Summary,— 77 hnye cone of Etna és made of lara, temtag 
swainly as great slows from fissures in ite fanke, Tater decays 
quickly, forming a fertite avid. 


— 
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85. Krakatoa. — For century the small volcanic island of 
Krakatoa, near Giva/in the Btretts o€ Sunda, wes dormant, 
In August, 1888, it broke forth in the most terrific erup- 
tion that civilized mnan has known, A large partof the cone, 
Br ther with ash from below, was hurled high into the air, 

dnp (Pigs 320). very vente of son tne land was 
feet wery vestige of life on the i was 
ee its surface was deeply covered with ash. 


‘For miles around, the sea wns so thickly covered with pumice 
that the morement of vessels was interfered with. The finer ash 
was thrown so high into the air that it was earried all round tha 
— cansing brilliant sunsets in Asia, Europe, and America, 

So violent was the explosion that a great air wave was started 
which passed three times around the earth, Windows were 
broken 100 miles from the volcano, and the sound of the explo- 
sion was heard more than 150 miles away. A water wave was 
also caused whieh spread all over the Pacific, being measured on 
the costs of Africa, Australia, and California. Near the volcano 
this wave wasbed over tho land toa height af 50 to 100 feet, kill- 
ing 83,000 people. 

Since then Krakatoa has been quiet. It may have become 

extinet; but more probably it is only dormant, and will again 
when the pent-up steam once moro gathers suffi- 
7 bo foree ite way to the surface. 





After a century of quiet, Krakatoa burat forth, im 

iiokt wiolent eruption knows. Half the cone was blown 

Gah fall olf about, nut was curried farand wide by the winds; 
Ur woaree potter! three tives rowmt the earth; and a water 
ober the Pacite. Since then the volcano has been quiet, 






wa Volcanoes. —There are numerous yoleanie 

‘Hawaiian Islands (Tig, 224), most of them exe 
two liighest are Mauna Loa and Mauna Kea, 
tlie smaller Kilauea, are on the island of Hawaii 
(ig. 10. This island, the greatest voleanic mountain in 


_ 








11— The dark areas 
start from 


ees. flow out over the rim of the ers en 
steam pressure usnally open a fissure in | 
tain side through which the lava is d 
‘This occurs, on the average, once in al | 
and no violent ash eruptions have ever | 4 
‘The fissnbes are usually formed above sea ley 
times occur beneath the sea. Some of the lava 
80 or 40 miles long and 2 or 8 miles wide, 








—— Ea 
Pid, 21% —Lawa lako, fresea at the parfnce, in the ceater of a Hawaiian volcano, 








Fra 113. —Tare bake in the crater of a Hawaitan volcano. 











Pia, 217. —Wlowing lava im Foxwall, 1581. 








Lava caseadto, alinflar to the above, with the Jars evaled. 





‘eoola on the murface, itu rate of flow ta checked. 
‘Shasta and Lassen Peak. —This extinct voleano 
ig. 214), whose elevation is over 14,000 feet, resembles 


From its snow-covered top sinall glaciers 
higher valleys, and on its flanks is a Jater 


is the extinct cone of Lassen Peak, and near 
about 650 feet high (ig. 285). ‘The size of 

in the ash indicates that it was erupted 
A still Jater Java eruption has dammed « 


. It seems probable that thia lava flow is 
ry old. ‘There are other recent lava flows 


there have been recent eruptions of ash and lava. 


ke Another extinct voleano in western United 

by Crater Lake in Orogon. This lake, whieh 
lies in a huge crater, or caldera (1 

‘and 4000 fect in depth, und about 6 miles in 

‘been proved that a lofty voleano (Fig, 219) 

ra now stands The removal of lava from 
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beneath the cone allowed it to collapse, forming the caldera, i 
whieh a later eruption has built a small ash cone (Fig. 215). 


‘orater, or 
Sormed by 
of lara 





‘Fup, 219.— Seotlon of Crater Lake, with the old e086, ing the 
‘named Mt. Marnina, restored by the dotted Ine. 7 


89. Materials Erupted.— Every volennic eruption ix aecom- 
panied by vast quantities of steam, and smaller amounts of 
sulphurous and other gases. Theso gnaea are commonly 
called “smoke,” and the glow of light reflected from the 
melted Java is popularly termed “flame.” 

If the eruption is moderate, melted rock usually flows out, 
and, in cooling, forms lava flows (Figs. 217, 218). Expan- 
sion of steam in the pasty lava makes many small rounded 
cavities, especially near the top; und the surface is broken 
by the movement of the lava after a crust has been formed. 
In violent eruptions the expansion of the steam blows the 
lava to pieces, forming scoria, pumice, and ash. Theso aro 
so light and porous that they float in water, and the fine 
ash even remains suspended in the air. 


Tnmps of lava thrown into the air, cooling in. aval, twisted 
masses, aro known as voloante bombs (Fig. 236). They vary from 
a few inches to many feet in diameter. During eruptions tha 
condensation of the steam causes heavy rains, accompanied by 
vivid lightning. Tho rain often washes down much loose ash, 
forming mud stows, 


‘Summary, — Steam and other gases accompany all voleanie erup 
tions. Lawn comes from moderate eruptions ; aah, pumice, amt 
ascoria from violent ones. Volcanic bombs are also thrown out; and 
rains wash down the aah, forming mud flows. 
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90. The Forms of Volcanic Cones. — A volcano is ® conical 
peuk with a orater at the top. 1f the eruptions are of ash the 
cone is steep, because the fragments that fall back near the 
vent have aslope as steep as loose ash will stand (Fig, 221), 
On the other hand, cones made of flowing lava are broud and 
have a low slope (Fig. 221), (Compare Figs. 228 and 224.) 

reason for these differences is that lava flows away as 
a liquid; another, thut some of it starts, not from the top, 
but from fissures on the slopes of the cone (Figs, 210, 211) ; 
and a third that it all remains on the cone, while in ash 
volcanoes a large part is drifted away by the winds. When 
the material is now ash, now Jaya, as in Veeuvius, the cone 
has 4 slope intermediate between that of lava and ash, 


‘The crater of a volcano may bo so large, perhaps from one to 
five miles in diameter, as to deserve the name callera, In addi- 
tion to the calderas of the Hawaiian Islands (p. 120) and Crater 
Take (p. 121), there are ealderas in Italy, the Bifel district of 
Germany (Fig. 225), and other places. ‘The craters on the moon 
(Fig. 14) aro onormous calderas, Calderas way bo caused either 
hy collapse of the cone, or by violent explosions which blow the 
top of the cone away. In some cnses, as in Krakatoa (Wig. 220), 
explosions wreck the cone and make it irregular, 


Summary, —Ash cones have a atecp slope, while lava cones are 
broaier and more gentle in slope, Cones consisting of both ash und 
twa have a slope between the two, Galderas are huge craters caused 
either by the eallapse or by the blowing away af the tops of cones, 


91, Distribution of Volcanoes. — There are thousands of 
yoleanic cones, only about 300 of which are known to be active. 
‘The great majority of these cones are in or near the sea, 
far the greatest number being in the mountains and islands 
which partly encircle the Pacific Ocean (Fig. 222). 

‘Ths many lofty cones in the Andes, Central America, and 
southern Mexico are in this belt. Associated with itis the vole 
canto belt of the Leaver Antilles, 500 miles long, in which Mont 
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Pelé and La Soufritre are situated. Most of the islands of the 
‘Lesser Antilles are volcanic, From Mexico northward, 

western United States, are hundreds of voleanic cones, all either 
dormant or extinct. Among tho best known of these are Mt. 
Ranier, Mt, Shasta, Mt, St, Helens, and Mt. Hood. 

‘The Aleutian Islands, which inclose Bering Sea, form a voleanic 
chain 1600 milos long, including 57 yoleanoes, some of which are 
very vigorous. From Kamchatka southward, along the Kurile, 
Japanese, and Philippine islands, there is another great chain of 
volcanoes. The Kast Indies have numerous active cones, and this 
chain swings down to New Zealand. 

Practically all the emall islands of the open Pacific and Indian 
ceeans are volcanoes. Even the coral atolls are volcanic cones 
‘with a veneer of coral. 

‘There are voleanio areas in the continents of Europe, Asia, and 
Africa, including a line extending from central Africa to Asia 
‘Minor; also Mt, Ararat; volcanoes in the Caucasus Mountains; 
and a number in the Mediterranean near Greece, and in and near 
Italy. 

The islands of the open Atlantic are voleani¢, and some of 
them are active. Toeland has a number of volcanoes, some of 
which have had terrific eruptions The Faroe Islands ate ancient 
volcanoes, and there were formerly voloanocs in the British Tales. 
In the Azores Islands, which are all volcanic, there are hundreds 
of cones (Fig. 226), some of which were in eraption during the 
last century, ‘The Bermuda islands are a coral gronp on a rol- 
canic cone. The Cape Verde, Canary, and other islands farther 
south, including St. Helena, the prison home of Napoleon, are all 
voleanoes, 


In spite of the great numbers of cones, they are really ox- 
ceptional land forms. By far the greater part of the earth's 
surface is now free from voleanic action; and lange areas 
have never been disturbed by eruptions. In other 
as in eastern United States, central France (Fig. 227), and 
Ube British Isles, voleanic action long ago died out. Both at 
the present time and in the past, volcanic activity bas been 
ausoviated with mountain growth. 












of txo voleanows, one anh (dotted), the other Inv. ‘The 
latter, ‘by the continuous Hino, may be considered to be Manna 
Lea, Nat only bs the ash cone steeper, but tt contains much loss material, 
nema Semipa Eas been diffi amey by winds and coons enrrent, Be 











The distribution of volcanoes, The shaded seotions show the main 
‘areas, and the dots locate some of the active or recently extinet volcanoes. 





¥ic, 22,—Chimborszo, Ecuador, 99500 feet high; so high that, Ubongh ander 
‘the equator, it ts snow-covered. 














nic Jaya cone in Ube Hawaiian Islands, Covopare $i how 
Slope with that af Chimborana, See also Fig. 221, 








‘Via, £35, — 4 volcanic cone In the Asores, Tt Is so receot that ft has a perfeet 
‘ezatar. The stone wails by the roudside ure made of lava Dloaks, 





Fia, 227. —Voleanic peaks in the Auvergne region, a voleanie region It central 
France. The peaks on which tho buildings are situated are remnante, or 
oeekes, of voleanvos partly destroyed by denudation. 


wos rs he 


is able to enter it and force it the rest of 
formed during mountain growth furnish 


western United States, which in the last geological 
region of intense voleanic activity, is now almost, if 

om active volcanoes. There may yet be eruptions 
‘but unless there is.a renewal of mountain growth, 


squeezed upward during mountain folding. 

eee ee Sorind Senay the enfuoes cn ale? 
wentain growth ceases, voloanic activity dia out 

—In western United States, in addition 

were great lava floods which escaped fram 

d the surrounding country. They were 

out a8 a result of mountain growth, some- 

through a crack in the ice of a frozen 

f these floods was in the valley of the 

rivers (Fig. 478), mainly in Oregon, 
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Fig, 234. —Intradest lava shoot forming the Pallaades ot the Hudson, Notloo 
‘Sho columnar appearance duo to jointing. (hyn Fig. 69) 








Fic 22%—Mt, Tom, Moxsachasetts, a ridge formed by  ubeot of lava that 
was ldiruded Into the sandvione strata soveral gooloxigal agas ago; thom 
‘Wited wad worn luto its present mountain form. 





Fro, 230, — Columas caused by the jointing of an ancient ahert of lava at Giunt's 
‘Cunsoway, Iroland. ‘Tho columnar jointing is the rewuls of the breaking of 
the lnvn aa Mt cooled. (See Fig. 238.) 








Tro, 2i1,—Mato Topre, Wyoming, a voleante neck or plug. All the 6 
torial bas been removed by denudation, loavying the han! lava. plug: 
tae above the surrounding country. (Seo also Fig. 227.) 





Fig. 222,—Dikos (black) crowing a granite rock. 
‘] 


on by intrusion into the strata. 
nass of intruded lava which raises the strata to form a 
d 4 laceolith, or rock lake (Figs. 164, 293). Irregular 
lava form bosses (Fig. 34), often made of granite. 
‘Theae are found in the cores of old, worn- 
down mountains, as in the Adirondacks, 
New England, Scotland, and Norway. 


‘Summary. — Various forma of intrudett 
igneous rocka — necks, dikes, ohwete, lacco- 
lithe, and bosses — ure caused by the rising 
of lava that does not reach the surface. ‘The 

surface by denudation Urings these intruded 
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lake drained. Streams gully the cone with deep ravines 
and gorges, until it bears little resemblance to a volcano. 
‘As the cone is slowly worn down, the hard core of lava in 
the volcanic neck resists denudation better than the looser 
beds of porous lava and ash. It therefore remains above the 
surface as a central divide for radiating streams (Figs. 227, 
231, 237). In western United States there is every grada- 
tion from the perfect cone to the volcanic neck remnant. 

If a volcano stands in the sea, the waves have a large share in 
its reduction (Fig. 234). At first, steep cliffs are cut, on which 
the waves beat with such force that no boat can land. As these 
cliffs are pushed back into the land, the crater may be reached 
and a crater harbor be opened (Fig. 234). Further wave cutting 
aay entirely consume the volcano, leaving only a shoal to mark 
its site. 

Summary. -— During activity a volcano grows hu addition of lava 
or ash faster than denudation wears it away; but explosion or col- 
lapse may change its size or form. When extinct, however, voleanoea 
are slowly worn aay, the last remnant being the hard voleanic neck. 
Waves aid in the destruction of cones in the sea. 


96. Importance of Volcanoes. — The most noticeable effect 
of volcanoes is the destruction of life, —human, plant, and 
animal. The ash, lava, steam, gases, hot water, mud flows, 
lightning, and earthquakes that accompany eruptions all 
contribute to this destruction. Nothing in nature is more 
terrible than a volcanic eruption. 

Yet volcanoes have some beneficial effects. The burial of 
organic remains beneath ash and lava has preserved fossils 
that throw much light on the history of former life on the 
globe. The eruption of Vesuvius in 79 has preserved a 
record of Roman life that we could not in any other way 
have obtained. Lava flows have also covered and preserved 
deposits of precious metal, as in California, where some of 
the gold mining is carrigd on in ancient river gravels beneath 
old lava flows (Fig. 288). 
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it more power to dissolve mineral 
western United States has had a very 
formation of the valuable mineral veins 
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97, CA) Cause, — During mountain growtha 
quake, is sent through the rocks when they ali 
planes. Sometimes, as in Japan, in 1891, the: 

on one side of a fault plane is raise 
shock (Fig. 280). Volcanic explosions, and 
Jaya into fissures, forming dikes, also cause ¢ 
fnet, any jar to the rocks, as an oxplosion of 
falling in of caverns, or an avalanche, will ¢ 
quake, ‘Tho jar may bo so slight that it can 
only by delicate instrument rit may be so. 
cause wides) destraction. 

(B) Occurrence. — Since earthquakes are 4 
caused by the breaking of rocks and by the mow 
lava, volcanic regions are especially liable to they 
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io, “28%,—Section of a gold mine In California, beneath an ancieat Invm flow 
{voloanie cap). The cireles indicate old river gravels, containing gold, whieh 
‘the Inv flows covered, 
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Pwo. tl, — Fault which cauned the earthquake shcek of 161 In Japan. By thie 
fault the road th the middie of the picture was ralsed ecversd feet om thw 
ther side of the fanit plane. (Seo Migs. 261, 242.) 






Pia, 20, ~A drat , rehquake wave ourwant 
to direetior The shock revches the suntaee fest ax 2, 
‘the epicentrum, aud at later and Later periods oo the cireles marked J. 





1812, and Charleston, 8.C., in 1886. Such shocks are usu- 
ally dué to the slipping of rocks along a fault plane, 

) Characteristics —The center, or foews (Pig. 210), of an 

ako may be thousands of feet beneath the surface From 

gases through the rooks in all directions (Fig. in 


ame way as a shock pases through a table when it is 
blow. The point above the focus, where the shock 
‘the surface, is called the epicentrum. 
atrum the movernont of the earth is vertical, and 
most violent, As the distance from the 
‘the shock ix felt with less and less violenve. The 
earthquake was detected by delicate instruments as 
is Ontario, Canada. 
quake shock the ground may not rice and fall more 
d yet do great damage. The earthquake is rurely 
but usually a succession of jars, perhaps near 
together to give the appearance of a shaking of the 
‘Very often one carthquake quickly follows another; 
in 1783 pearly 1000 shocks were felt in Calabria, in 
onthem Italy. In this ease the rocks were probably slipping 
along a fault plane, and nach alip sont outan carthquake, The 
Senha that precede s voleanio explosion are no doubt 
due to the breaking of the rocks by the attempt of the steam-filled 
Java to esnape. 


(D) Effects. — Violent earthquakes are very dostructive 
(Bigs. 241, 242). They often exuse avalanches, which dam 
‘streaimaand form lakes; and the shaking of the ground some- 
times forms depressions, in which lakes und ponds gather. 

ans thrown down; cracks, in which plants and ani- 
ce swallowed up, are opened in the ground; and great 
destruction of life is caused by the overturning of houses 





Sivvtereves maribe matted vik coun an 
‘on low coasts (p. 186). 2 





of life. If in the sea, a destructive water wave may 6 


HOT SPRINGS AND GEYSERS. 


96. Underground water is often heated by 
of laya or other causes. Where this heated water © 
surface, usually through a fissure, it forms a hot 


if it occasionally gushes out, it is called a geyser. 
‘The rising hot water always bears mineral = 





solution, some of which may be deposited near the | 
Such depoxits are found around the hot springs (Pigs. 
474) and geysers (Figs. 244, 478) of Yellowstone | 
Hot water is sometimes encountered in mines, and 
Known that many veins of gold, silver, copper, und 
valuable metals have been doposited by hot water 
walls of fissures, \ 
‘There are geysers in New Zealand, focland, and the Yi 
atone National Park —all voleanic regions. The mines 
posits made around these are often very beautiful in fi 
color, and they sometimes build a cone, 
‘of which the geyser erupts (Figs. 244, 478). 













Pio, 241.—Dosiruction case by the Japaneso earthquake of 1891 (Mg. 2x). 
“AIL this damage was done to honsns that yore built very lightly awd tus 
‘ble to withstand ontinary earthquake shocks. 





Fig. 212. — Damage to a exflroad bride by the Japanese earthquake of 1891. 
Note how the earth was shaken from beneaxh the track whare \\ aren 
the brides. 





Ma. —Hor spring depoxtte in the Yellowstone Park. ‘Those depoalts are 
© eArbomate of lime (oaleareous tun), and ties build Little bawins to whied the 
‘hot water stands, trickling over the edge and Jormalug Jelelelllke depowite, 








Gu. 244, —Glant Goyser, Yellowstone Park, in eruption. ‘The deposits made 
, ‘around the geysers are of sities (silioaous slutor). 
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The geysers are exceedingly interesting. Old Faithful 
erupts every 65 minutes, with such regularity that the time 
of each outburst can be accurately predicted. With each 
eruption a great mass of hot water and steam is thrown to a 
height of over 100 feet. The Minute Man geyser erupts a 
small column every few minutes to a height of only a few 
feet. Other geysers erupt very irregularly, and some have 
become extinct. The differences between the geysers suggest, 
the probability of several explanations for their eruptions. 


‘Those that erupt regularly, like Old Faithful, seem to be due to 
the following cause. There is hot water in a narrow tube; and 
this is heated, perhaps by an adjacent lava mass, until the boiling 
point is reached. ‘The boiling point of water rises under pres- 
sure; therefore, it may be necessary to raise the temperature to 
250° or more before boiling begins down in the tube. When the 
boiling point is reached steam forms, but the narrow tube pre- 
vents its easy escape. It then lifts the column of water and 
causes some of it to flow away from the geyser crater. This 
overflow removes some of the water column and therefore reduces 
the pressure on water that is already boiling at 250°. This re- 
moval of pressure at once lowers the boiling point; and, since a 
large mass of water has a temperature near 250°, it suddenly 
ghanges to steam, This expels the water with a rush. The 
time between eruptions depends upon the length of time required 
to heat the water down in the tube to the boiling point. 











Summary. — Tot water, rising from underground, forms hot 
springs ; or, if it risex in eruption, yeysers. It bears and deposits 
mineral substunces, both at the surfuce and in the fissures through 
which it rises— in the lutter case sometimes forming valuable mine 
eral veins. Some geysers erupt regularly, others very irregularly. 





Toricat Ovtiixe, Questions, AXD SUGGESTIONA. 


TortcaL Outiixe. — 80, Graham Island. — The eruption; materials 
srupted; the cone; its destruction ; other voleanoes. 
81, Stromboli. — Location ; size of cone ; nature of eruptions. 
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82, Eruptions of x902 in the West Indies, — Destruction of St. Piorre; 

Sonfridre ; previous eruptions; warnings; eruption of May 8} cause 

‘of destructiventas; effects of later eruptions; material erupted; distri- 
‘bation of ash; mud flows; probable future. 

8. Vesuvius. —(a) Eruption of 79: previous condition ; settlement 
warnings; effect of eruption; our knowledge of the eruption; 
‘conditions mecompanying eruption. (b) Pom ae of its ex: 
eavation, (c) Condition since 79: diffrence in present 
condition; ordinary quiet; inerease in activity; lava ‘conn observa 
tory. (a) Other volcanoes of Bay of Naples. 

4. Etna. — Position ; eruptions; great height; decay of the lava. 

8%. Krakatoa. — Former eruption; eruption of 1883; ash on the sen; 
air wave; water warn ; conditions eruption; future. 

86. Hawaiian Volcanoes. — (a) Island of Hawaii: its voloances; its 
height. (0) Tho craters: lava lakes; caldera, (c) Lava flows: rising: 
in crater; draining through fissures; length of flows; nature of flow, 

ST, Mt. Shasta and Lassen Peak. — Shasta; ash cone; recent eruptions 

88. Crater Lake, — Size of lake ; cause of caldera, 

80, Materlals Erupted. —Steain ; othergases; meaning of “ smoke" and 
“fame "; lava flows ; effect of steam explosion on lava; bombs ; mad flows 

90, ‘The Forms of Volcanic Cones. — Ash cones; lava cones; ash and 
Java cones; caldoras; wrecked conen. 

91. Distribution of Volcanoes. — Number; general location; belt 
encircling Pacifie, South America, Antilles, western United States, 
Aleutian [slands, eastern Asin ; other chi Paoificand Indian oceans, 
continents, Mediterranean, open Atlantis free from voleanons; 
areas of extinet voleances | association with mountains, 

‘92. Cause of Volcanoes. — Immediate cause; effect of growing moun- 
tains; condition in western United States, 

0, Lava Floods. — (a) Columbia valley : cause; area; lava Balas 
thickness; latertilting, (6) Otherarwas (ce) Present condition : general 
absence of java floods; lecland; relation of fissures to voloanic cones. 

94. Lava Intrusions. —Voloanic necks; dikes; how revealed ; aheats 
‘or tills; ilustrations: lnccoliths; homes. 

95, Life History of « Voleaco.— Norinal growth; effects of explosion ; 
of collapse; denudation ; the voloanio neck ; voloanoes in the sea. 

96, Importance of Volcanoes — Destruction of lifer preservation of 
fossils; of hmaman records; of mineral; formation of Takes; effect on 
sconury; on soils; on sedimeutary rocks; on mineral veing. 

‘7, Earthquakes. —(A) Caw: faults; voleanic action; other 
causes. (B) Ocourrence: volcanic regions; other regions; illustrations. 
(©) Characteristics : foous; nature of 6] ; epicentram; distance trav 
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led; reponted shocks; explanation of repeated shocks (D) Ejfeets : 
avalanches; lakes; cracks in the ground; overturning houses; wa waver. 

G8, Hot Springs and Geysers, — Cause; natury of geysers; mineral do- 
posit at surface; mineral veins; distribution of grysers; geyser deponite; 


ees comes: ‘explanation of geyser eruptions. 
: 7. — 80. State the history of Graham Ialand. What causes 
ash and pumice? How do many voleanoes differ from this one? 
61. is Stromboli? Stave its charucteristios as a volcano, 
£2. What reasons wore there for expecting an eruption? Why was 
the eruption a destructive at St. Pierre’? What were its effects? What 
was the nature of the material erapted? What couses mid flowa? 
$8. What was the condition of Voeuviug in 70? Toll about the 
of 79, Tlow has it been of importance? What has been the 
history of Vesuvius? What is its present condition? What 
other signs of voloanic activity are there noar Vesuvius? 
. ibe Etna and its eruptions, 
85. Deseribe the eruption of Krakatoa and its effecta. 
86. Describe tho Hawaiian yolcanoos and craters. Describe the erup- » 
tions. What is the nature of the lava flows? 
87, What ia the condition of Shasta? Near Laswn Poak? 
88. What has been the history of Crater Lake? 
89. What substances are erupted from voleanoes? 
90. How do ash and lava conus differ? Why? What are calderas? 
91, ‘Trace (Fig. 222) the principal chains of yoloanoes (named fn text) 
in the belt whieh partly encircles the Pacific. Whore else ar voleanic 
chains found? Are voloanoes found overywhere? 
92. What is the immediate cause for voloanie eruptions? What rela- 
Lion ix there between growing mountains and voleanoes ? 
98, Describe the lava floods of the Columbia valley. Where eles were 
lava floods formed? How may volcanic cones succeed fiwure eruptions? 
OF, Whatare voloanic necks? Dikes? Sheets or sills? Give illustre- 
tions. What aro Inccoliths? Bosses? How are they brought to tight? 
95. What may affect the form of a voleano before it extinction ? 
‘What is its history after extinction? What is the case in the sex? 
86. Stave the important effocts of voleanoe: 
7. (A) What aro tho causes of earthquakes? (B) Where are they 
most frequent? Why? What explains violent earthquakes elsewhere? 
*) What is tho focus? ‘Tho opicentrum? What Js the nature of the 
ok? (D) What are the effects of earthquakes? 
98. Wht are hot eprings and geysers? Whut do the waters carry? 
‘Whore aro geysers found? How do thoy vary? Give tho explanation 
‘of regularly erupting geysers. 















‘Vio, 216. — A vévd region th Use Alps, xbowing the slope frum which the snow 
slides, and, (1 the foreground, the erovussel névé 














188 NEW PHYSICAL GEOORAPHY. 
La ei oat imei) that is, it moves sa if 


beri Aca ‘The most rapid motion is near the 


Re Ctics Eo ae ee 
than two feet aday. Every glacier carries rook 
some of which haye fallen chs the valley sides, while Shek 
have been obtained from its bed. These fragments, slowly 
dragged along, and pressed down by the weight of the ice, 
Sroove, striate, and scour the rocks over which the glacier 
moves. It may be compared to the work of sandpaper. By 
this scouring, known as glacial erosion, valleys are both deep- 
ened and broadened. 

Bands of rook fragments, accumulated on the margin of 
the glacier, where they have fallen from the cliife,are known 
us lateral moraines (Pigs, 247,249). Where two glaciers join, 
two lateral moraines unite, forming « medial moraine (Figs. 
249, 250), wear the middle of the glacier. ‘The surface of the 
glacier melts in summer; but moraines protect the ico be- 
neath from melting, and this causes them to stand up as 
ridges, often 50 feet or more above the surface of the piles 

Although ice under steady pressure slowly flows, when subjected 
to a decided strain it breaks, forming cracks, or creomases (Figs. 
246, 248), in the glacier. Where the valley bottom is irregular, 
causing many strains in the moving ivo, erevasses are especially 
abundant; and when the slope of the bottom is steep, the ice may 
become ao crovassod that it is almost impossible to pass over it, 
‘Such a eection is called an ice fall, Moraine fragments are con- 
stantly falling into these crevasses, some of them Jinding thelr 
way to the bottom of the glacier, Water from the melting ice also 
falls into crevasses, boring pot holes (p. 54) in the rock floor, and 
flowing in ico tunnels to tho front of tho glacier, 

‘The rock fragments frozen in the bottom of a glacier are 
known as the ground moraine, and when a glacier disappears 
by melting this is left as a deposit on the valley bottom, To 
it are added the materials of the lateral and medial moraines, 
which slowly settle to the ground as the glacier melts. 
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At the end, or terminus, of a glacier, rock fragments are 
built into a terminal moraine. These fragments are brought 
by the ice and loosened as it melts, accumulating in irregular 
piles at the base of the glacier front. If the end of a gla- 
cier remains in one place for a long time, the terminal moraine 
hills may reach a height of 100 or 200 feet. 

The water that falls into crevasses emerges as a stream 
from the ice front (Fig. 185), often from an ice cave. It is 
white with suspended sediment, or rock flour, supplied by the 
grinding up of rocks beneath the glacier. In summer, the 
volume of these glacier streams becomes so great that even 
pebbles are moved along. he clay is carried far down the 
valley, but the sand and pebbles are usually deposited on the 
valley bottom, gradually filling the valley. Over this deposit 
the stream flows in a branching, braided course, constantly 
depositing sediment and changing position (Fig. 251). Such 
wash deposits may reach a depth of over 100 feet. 


Summary. — Snow, derived from the snow field, accumulates in the 
valleys. changing to granular ice (névé), then to ice, which extends 
down the valley as an ice tongue or valley glacier. As it moves, 
it scours its bed, and carries rock fragments, both on its surface 
(lateral and medial moraines) and at its bottom (ground moraine). 
Both rock fragments and water descend to the bottom of glaciers 
through crevasses, cansed by strains resulting from the ice motion. 
The rock fragments form a ground moraine and assist the ice in 
erosion; the water emerges from beneath the ice in streams, bearing 
rock flour, sand, and pebbles, which build extensive wash deposits, 
Terminal moraines ure built at the ice front, 


100. Glaciers of Alaska. —Of the many Alaskan glaciers 
the best known is the immense Muir glacier (Figs. 25: ‘ 
which is fed by twenty glacier tributaries or more. ‘These 
unite to form an ice tongue which advances down a broad 
valley and ends in the sea. Its front is a cliff, rising 200 
feet above the water and extending 700 or 800 feet below. 
From it small icebergs frequently break off and float down 
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The discharge of added to melting, is 
poet the Muir glacier to steadily grow bo 





Farther north is another large glacior, the Malaspina (1 
252), formed by the union of a number of valley glaciers 
deacend from the Mt. St. Elias range (Fig. 258), This glacier 
spreads out, fan-shaped, on a plain at the base of the rarraaee 
For this reason it is called a Piedmont glacier (from pied, foot, 
and mont, mountain), It has a length of 60 or 70 miles and 
a breadth of 20 or 25 miles; and its movement is 80, that 
it is an almost stagnant, undulating ice plateau 257). 

‘Melting and evaporation have caused tho rock fragmenta im the 
upper portion of the glacier to accumulate at the surfane, espe 
cially near the lower end. ‘These rock fragments form a rocky 
soil on the glacier, in which a forest is growing (Fig. 258). 

Summary, — Muir glacier, fel by over twenty tritmtary aciers, 
enile in 900 cliffs from which leeborge are disehrirget. Matampina 
f glacier, on almost stagnart te plateau, tx called « Pielwont ofmeter, 
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Gig. 259), a8 if by ice. These scratches, or atria, extend in 
the direction in which the erratic Bowlders have been carried. 
(3) Deposits like those now being made by glaciers ocour 

in the valleys (Pigs. 261, 260). ‘These include luteral, medial, 
terminal, and ground moraines, the ground moraine making 
a thin sheet of mixed clay, pebbles, and bowlders, called Bow! 
der clay or till. This vill ia unlike water deposita, being 
unassorted and unstratified; but it is like deposits from foe, 
which curries and drops large and small fragments with equal 
ease, and, therefore, side by side, In front of the terminal 
moraines, and sometimes mixed with them, are wash deposits 
of stratified gravels, like those now being laid down by the 
streams that issue from glaciers. 


(4) The valleys also show signs of glacial erosion (Figs. 251, 
259, 261, 262). ‘The rocks of their sides and bottoms are polished 
by ive scouring, and tho Indges are worn into smooth, rounded 
curves, known as rockes moutonnées (sheep backs). ‘This erosion 
has often broadened and deepened valleys (Fig. 261); and wher 
they havo boon doopened a little more than elsewhere, rock basing 
have sometimes been formed, now occupied by lakes and ponds. 
In some cases the valleys have been deepened hundreds of feet; 
and in the region of former névé, broad doop amphitheaters, 
called cirques, have been formed, 

Since the ico disappeared, side streams tributary to these fee 
eroded valleys have not had time to cub their bottoms down to 
the lovél of the deepened main valleys. ‘Their bottoms therefore 
stand above the lovel of the main valley, and they aro accordingly 
called hanging valleys (Fig. 293), From them the streams tumble 
into the main valley as falls or rapids. ‘Theso waterfalls add to 
the charm of the mountain scenery in Switmrland, Norway, 
Alaska, and other regions from which glaciers hare departed. 

.— Erraties, strive, moraines, till, and wash deposits ane 
among the evidences that valley glaciers were formerly more extensine, 
cand even exiatet where now there are wone Eeidlences of ioe erosion 
are ato found, in the form of roches moutonndes, broadened and deep» 
ened valleys, rack basins, cirques, and hanging valleys. 
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103. The Greenland Ice Sheet.—The island of Greenland 
is mountainous, not greatly unlike northern New England 
and Seotland. Near the coast there is a fringe of peninsulas 
and islands on which there are scattered Eskimo settles 
ments. The mountain valleys have valley glaciers, and small 
ice caps exist on some of the larger islands and peninsulas.’ 








Pro. 2. — A map of the region aronnd the Cornell glacior whore Figs. #4, 305, 
‘Abd 271 wore taken (Hear the long peninsula at the top). The arrows show 
‘tmovement of the ice, outwant from the interior, bat turning 

“down into the: valleys, and ending in tongues In thy bays xu fords. 

Back of the fringe of coast land is x great waste of ice and 
snow, with an aren of about 500,000 square miles, more 
than ten times the arcu of New York State. This enormous 
ice cap ix sometimes called the Greenland glacier; but it is 
50 Inrge, and, in a numbor of ways, so different from what 
is commonly called a glacier, that the term ice sheet is u 
better name, An ice sheet ts a mace of ice, covering and 
moving over a large aréa of land, hill and valley alike. 
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Tn the interior, » part of which Peary has crossed, the 
elevation is 8000 to 10,000 feet, and the temperature 
never rises above the freezing point. The surfuce ix 
therefore, always covered with loose, dry suow. Nearwe 
the coast, where the elevation is less, the warmth of the 
‘summer sun melts the snow, leaving an ice surface quite 
like that of valley glaciers. 

‘The continued fall of snow on the high interior of Green 
land has caused such an accumulation that, changed to ive 
by pressnre, it is foreed to move slowly outward (lig. 268) 
in all directions, —anorth, enst, south, and west. It moves 
as a great pile of wax would, and in its slow, irresistible 
outward movement crosses hill and valley wlike. 

Back of the coastal fringe the only land that appears Is an 
occasional high mountain peak, called a nunatak (Fig. 264), 
which projects like an island above the sea of ioe. Near the 
coast the ice extends down the valleys, often reaching the 
sea (Figs. 268, 264). At the head of fiords these yalloy 
tongues end in sea cliffs 200 or 800 fect high (Fig. 285), 
advancing in some casos at the rate of from 50 to Th feet a 
day, and discharging hnge icobergs that float inte the Arotic 
(Pigs. 267, 268, 839), Most of thee tongoca are only a 
few miles wide; bot the largest of all, the Humboldt glacier 
of north Greenland, ix 60 miles ‘Their surface is 
broken by crevasses, quite unlike the smooth, unbroken ice 
plateau of the interior. 

Unlike that of valley glaciers, the surface of the ice sheet 
is quite free from rock fragments, exeopting where nunataks 
supply materials for a medial moraine, or, near tho end of « 
valley tongue, where cliffs rise from the ico margio, Near 
the bottom, however, there is much rock material, which lias 
been worn from the land. In trinsporting this load of rock 
fragments ut its base, the ice sheet seoury its bed and dows 
much work of erosion. 

Melting near the margin causes streams and even ponds 

















¥ia. 26h —A view of tho Greeptand ico sheet, showing its vast expanse, 84 
ecxtnsion into the font valleys, and a nanatak rising above Its surtaon. 
Thix le w view of the Coruell glacier, oue of the lurge valley tongues of the 
Greenland lee shest- 





1) lacie cig, 4), where 1% ed'vances Into the 
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to form on top of the ice; and this water finds its way by 
crevasses to the bottom. Where this water emerges, either 
fon the land or in the séa, deposits of gravel and olay are 
being made (Figs. 266, 272). Along the ice front, too, 
moraines are being built of rock fragments loosened by melt 
ing (Fig. 271). Many of these are worn and scratched (Fig, 
290) by the grinding they huve received. 

‘There is good evidence that the Greenland ice sheet, like valley 
glacters, once extended much farther, completely covering some, 
if not all, of the islands and peninsulas, This evidence is sup 
plied by moraines, orratios, glacial scratches, rounded and deep- 
ened valleys, and rock basins. The Green! fee sheet, like the 
‘Muir and many other glaciers, is now melting back. 

Summary. — Greenland ix covered by a great toe shoot, with a 
Fringe of land near the coast, and, wear the margin, occasional wine 
take projeoting above the foe. From the high interior, where snow 
Sails exmmer and winter, Hera ia a movement owtward én all direc. 
toms, the mangin of the ice consisting of valtey tongues, often ending 
& the sea tuto which tcedergs cere discharyed. The see hes little rock 
‘material on the surface, but carries much near the botiom, with which 
it fe doing work of erosion and making moraine and wash deposits, 

104, Other Ice Sheets. —On the Antarctic continent there is an 
enormous ice sheet, of which little is known. It is generally 
belleved that the entire South Polar region is covered by an ice 
cap, with an aren larger than the United States. Fora long dis 
tance its inargin is « great ice wall, rising several hundred foot 
above the sea and discharging huge tabular icebergs. 

On the larger islands of the Arctic there are also ice caps, 
regembling that of Greenland, though smaller. ‘There is evidence 
that ice sheets onco sproad completely over these islands. 

Summary. — Were ix a great ice sheet on the Anturctic continent, 
and smaller sheets on some of the larger islanes af the Arctic. 

105. Formation of Iecberga. — When a glacier enter the sea the 
water buoys the {co up, causing great magses to break aff, forming 
feobergs (Figs. 265, 207, 268, 299). Other masses are broken 
away by undercutting along tho water's edge. As the icchenga 
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drift slowly away, they melt, strewing rock fragments along the 
sea bottom. They ofteu rum aground (Fig. 267), pushing and 
grinding thé layers of seditnent on the bottom, 

It is fortunate that the icebergs drift away from the glacier, 
otherwise the fiords would soon become choked with berg i 
They float away in an outward eurrent of water caused by wii 
from the foo sheet and by fresh water from the melting ton 

1 — Teebergs care discharged (1) by wadercutting alany the 
water's edge, and (2) by buoying up of ice as & aulwances into the aces. 

106. Former Ice Sheets in Europe and America. — There is 
good evidence that, not many thousand years ago, a great 
ice sheet sproud over northeastern America (Fig. 270), and 
anather over northwestorn Enrope. Seandinavia, Dentnark, 
northern Germany, northwestern Russia, and all of the 
British Tales, excepting southern England, were then oov- 
ered by ice. Canada cust of the Rocky Mountains, New 
England, northern New Jersey, nearly ali of New York, 
northern Pennaylyania, much of Ohio, and the states farther 
west and northwest, as fur us Montana, were also icv-covered. 
Those ice sheets, which were quite like those now covering 
Greenland and the Antarctic continent, have been culled 
continental qlaciore. 

Tho provfs of these former ice sheets are of the same kind 
ius those of former greater extension of valley gliciers (p. 141) 
and of the Greenland glacier (p. 145). ‘These proofs inelude 
glacial scratches (Figs, 289, 291), glacial pot holes, and ere 
ratic bowlders (Fig. 285). The scratches point toward the 
north, and many of the bowlders can be traced to a northern 
source, some in the United Staves having cowe from Canada, 
‘There is also evidence of ice erosion and valley deepenings 
and there are lakes in rock basing that the tee seoured out 
(p. 153). Where the ice stood, the land is covered by a sheet 
of ground moraine, and there are bands of terminal moraine 
(Fig. 274), with wash deposits in front (Fig. 276). These gla- 
cial deposits were culled drift, beeause they were thought £0 
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have been brought, or drifted, by great floods of water; and 
the term glacial drift is still applied to them. 


Louis Agassiz, in the middle of the last century, first proposed 
the glacial theory to uccount for this drift. Being aSwias, he had 
studiod glaciors in Switzerland, and had soen the clear evidence 
(p MAL) that Alpine glaciers were formerly more extensive. He 
saw that the same evidence was present in the British Isles and 
in America, and proposed the theory that there had been « Glacial 
Period. This at first met a storm of opposition, but ia now 
accepted by every ove who has studied the question intelligently. 


Summary. — Strive, errities, evidences of erosion, moratoes, fe, 
prmne that great continental glaciers, or ice sheets, formerly covered 
northeastern America and worthwestern Europe. ° Louis Agusais 
propowed the now accepted explanation of the Glacial Period. 


107. Cause of the Glacial Period. Why there should have been 
a glacial climate in temporate latitudes is not positively known. 
At present the climate of Labrador, Scandinavia, and other centers 
from which the ice spread, is very cold; anil, if they were elevated 
sovornl hundred fect, great ice caps might slowly gather oa them 
and spread ont into lower and warmer regi Hefore the Gla- 
cial Poriod these Jands actually were higher than now, and one 
theory is that this former elevation caused great ive sheets to form 
and more down into the United States and Europe. In the 
United States an ive shoet from Labrador joined forces with ica 
sheets from the Adirondack and New England mountains, and 
wpread over hill and valley, advancing slowly aud irresistibly, as 
the ice sheet of Greenland does. It advanced southward to a 
zone where welting became so great that it could go no farther. 

‘After many thousand years tho climate gradually changed, 
perhaps because the land was lowered. ‘Then the ice front 
slowly melted back, or “retreated.” We do not know how long 
ago the'ice molted away, but there ia evidence pointing to from 
5000 to 10,000 years (p. 333), The time since the ice left is so 
short, however, that the drift deposits ure still quite fresh; and 
even delicate atria remain (Fig. 289) wherever protected by a 
thin coating of goil (p. 41). 























ace 


¥10, FA—The lobate moraines of recession In western Naw York. The onter- 
“Most terminal Morwine ts the one that bends up from Pennaylvanta to Sale 
mranen wid Olean. Also lowath fi 
Takes. The heavy line is the divide. ‘The takes have all been cansed hy 
glacial action. 








Wi0, 24. —Photograph in the terminal moraine near [thaca, N.Y, Notiee how: 
ermmorky tbe qurfnce ta; Une ls charactertetic of moraines 
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109. Stratified Drift.— Water issuing from the melting 
glacier built several classes of deposits. All these are strati- 
tied, because water assorts rock fragments (p. 82). These 
stratified deposits are called stratified drift. Of these the 
most extensive are the wash plains (Fig. 275), which re- 
semble those now forming in the Swiss valleys (p. 189). 
Many valleys in eastern America are filled to a depth of 
from 100 to 300 feet with these level, gravelly plains, built 
by ancient glacial streanis. Wherever the ice front rested on 
fairly'level land the glacial streams built a series of low, flat 
alluvial fans. The plains on the south side of Long Island 
are of this origin. 


At and under the ice front the water built irregular, hummocky 
hills of gravel, called ames (Fig. 276), in which deep basins, 
or kettles, are often found. Some of the kames were appar- 
ently made by streains, bearing much gravel, which tumbled to 
the bottom of the glacier through crevasses. ‘his gravel occa 
sionally covered blocks of ico which, on melting, allowed the 
gravel to settle, forming the kettle holes. 

Long, narrow ridges of gravel, sometimes miles in length, and 
with an irregular, serpentine course, are called eskers (Fig. 282). 
These are the gravel beds of streams that flowed in tunnels or 
gorges in the ice, usually at the bottom. Where these streams 
emerged from their ice tunnels they built wash plains; or, if the 
end was in small, ice-dammed lakes, they built deltas. These 
level-topped deltas are called sand plains. 

Summary. — Water from the melting ice made stratified deposits : 
kames where streams tumbled to the base of the ice ; eskera where 
they flowed in ice tunnels ; wash plains where they emerged upon the 
land ; and sand plains in small, ice-dammed lakes. 

110. Ice-dammed Lakes. —In some places the ice front 
stood in large lakes (Figs. 278, 279), formed where north- 
flowing streams were dammed by the ice. Clay and gravel 
deposits were made in these, and along their shores deltas 
and beaches were built. 
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‘One of these large lakes was formed in the valley of the 
Red River of the North (p. 78). Other north-fowing 
stroams were dammed by the ico, some of tho valleys having 
amall, others large, glicial Inkos. The onse of the Groat 
Lakes is especially interesting. At firat a few small lakes 
were formed, one outilowing past Chicago, one past Duluth, 
and oné past Fort Wayne, Ind. (Fig. 280). As the ice 
melted back these grew larger, uniting and outflowing past 

Chicago (Fig. 
280). Then an 
enormous volume 
of water, compa- 
rable to Niagara, 
escaped into the 
Illinois River. 
The small lake 
harbor around 
which Chicago 
Pos, 277. Tin Ontarle ragion dung the veage of Ear preva SE 
= “ig! of scoured out y 
eater Deven the Motiawk (Pig. 280; aoe alw this’ outflow. 
the ice ocutiaaba 
to melt back, a still lower outlet was opened eastward through 
the Mohawk valley (Figs. 277, 280), the Chivago outlet was 
ubandoned, and for u while the glucial lakes outflowed into 
the Hudson past Little Falls, N.Y. Finully, when the ice 
disappeared from the St. Lawrence valley, the present course 
was established, 

‘The beaches that were formed at the levels of the different 
outlets of these various lakes may atll be clearly seen. For 
example, the bench ridge from Syracuse to Lewiston (Fig. 
278), on which the “ ridge road” is built, was recognized aa 
a beach by the early explorers. The fine-grained elay that 
was deposited on these lake bottoms makes a level, fertile 
soil. Consequently, the region between the clevated beacher 











Fra, 274 —Dingram of wn ino sheet on an irroguiar land, damming op a werley of 
lakes along Ita margin. Besoribe what yon sre. 





Pee. 27—The sain as Pig. 278 with the leo melted yack semewhat, uncover 
Ing a valley which I¢ had crossed. A moraine marks the former position of 
the ioe rout iu the glacial lake. Describe what you seo in this, 
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and the present lake shores is the seat of prosperous farms, 
orchards, and vineyards. 

‘The beaches are not horizontal, but rise toward the north- 
‘east at the rate of abont three to five feet a mile; and this is 
taken as proof that the land has been tilted since they were 
formed. As a result of this tilting, the lakes buve changed 
from one outlet to another (Figs. 280 and 281). 

Uy of tho land is still in progross at a very slow and 
belting tke tipper: Great Lebes will apes taltyeabenee 
the Detroit channel . 


flow past Chicago. 
At the present rate 
of tilting the water 





the nex (shaded) entered the Champlain and Ons 
Hammad northffow. _sarongh tne Outen Rican, Then Stegara evried 
1a veld tt rake wl ey 
lakes which disap- 


peared when the ice dam welted away. Lakes of this sort were 
formed in the valleys of the Great Lakra, shifting their outlets a 
Tower ones were uncovered by fee molting, or made possible by land 
tilting. Whe tilting of the lane és stilt in progress, 

‘11. Loess. —In central Unitod States thore is a sheet of fine- 
textured clay known as loess, a German name for a similar deposit 
in that country. Some of the loess was evidently drifted by 

vinds, and some of it was brought from the ico front in slowly 








Pre. 2h2-—An eaker rldge wear Tihaea, XV. Fie. kA seetion In HHT fn white 
‘Thats & atream depoatt, made tn» tun- there are oot many howler, 
el underneath tho jlucler. 





P20. 2A owlder-strewn, glnelal gol} tn Maxine. 





Pro. 382.—Large elacial bowlers brought by the fox 








Tho, 289.—The end of the hammor handle resis on a glacial scratch or groove: 
‘on & ledye of ahule rook. 





Frc, 211.— A pebble with glacial Kia. 4/1. —A pobile with glacial sernicions; takes 


‘sorntehes, salem from tho from a till best wt Iibacs 
Greenland Joe short at the 
ypince shown in Pig. 271 


NO. 
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a mile or more in length, and from 20 to 100 or 200 feet in height. 
Some are long and ridge-like; some short and lumpy; but the 
most typical drumlins are oral, having the shape of a half-sub- 
cepa see (Fig. 286), with the long direction parallel to the water 
urface, ‘They are masses of till ridged up under the iee, 

‘Denmling usually occur in clusters. ‘There is one group in Wise 
consin, near Madison (Wig. 288); another in central New York 
between Rochester and Syracuse, and northward to Lake Ontario 
(Fig. 273, 287) ; another in the Connecticut valley; another in 
and near Boston (Fig. 286). Boston is built on drumlins, of which 
Bunker Hill is one, 

Summary. — Klonyated ridges of till, waually tn eluaters, are called 
druntins. They vary greatly in shape and alte, the most perfect 
haveing the ovrt shape of a half egg. 


14. Glacial Erosion. —In a glaciated country wherever 
the rock is uncovered, its surface is likely to be polished, 
scratched, and grooved (Fig. 289). In eastern United States 
the steim point toward Labrador. Strim and erratios found 
on high mountains prove that the ice was thick enough to 
override the tops of mountains even a mile in height. 

‘The northern slopes of hills and mountains over which the 
ice moved are often rounded by ice erosion ; and ledges have 
the smoothed and rounded form of the roches moutonnées 
(p. 142). Pebbles and bowlders in the till are also smoothed 
andeorntched (Fig. 291). It isevident that much work of 
erosion was done as the ice sheet moved onward, pressing 
down with enormous weight, and dragging its rock load over 
the land. It acted like « greut rasp or sheet of sandpaper. 





By this erosion some rock was removed from the hills, bat more 
waa worn from those valleys along which the ice moved freel; 
In this way many north-south valleys wore so deepened that their 
tributaries now enter through hanging valleys (Fig. 203); and the 
saino is trae of bays and fionls on the coasts of Maine, Labrador, 
Alaski, and Norway. By such erosion the valleys of the largor 
Finger Lakes of central New York (Cayuga and Seneca) were 
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place of « fertile residual soil, Usually the glacial soil is a 
strong one, because it consists of ground-up rock fragments, 
which ure slowly decaying and releasing plant food, 

‘The sheet of drift has turned many streams aside, caus- 
ing them to cut new valleys for a part of their course. In 
‘these the streams have often 
reached the rock andeut post- 
glacial gorges, in which there 
are rapids and falls (Figs. 
60, 67, 71, 75). There are 
thousands of instances of this, 
and many of tho falla are of 
great value for water power; 
for instance, the falls in the 
Mississippi at Minneapolis, 
Niagara, the falls at’ Roches- 
ter, and the rapids in the 
Merrimac where Manchester, 
Lawrenee, and Lowell are 
situated. South of the gla- 
cial belt there ate few plac 
where there ix water power; 
but in New England, New 






York, and other states in the 
glacial belt, it is this water 
power that has given rise to 
so much manufacturing. 


Fic, 206, — Compare thin map velth oun 
‘of the present drainago. Por pur- 
pose of comparison, make a aketels 
Innp of the present drainage from a 
geography map. 








In some cases streams have been turned into other river ays 
tems, Before the glacial period the upper Ohio, above Wheeling 
(Pig. 295), flowed into Luke Eriv valley through the Grand River; 
and the Allegheny is made by the union of two streams, one of 
sehich entered the Lake Erie valley west of Erie, Pa., the other 
east of Dunkirk, N.Y. The present 8t. Lawrence gystem has alvo 
been by the union of several independent parts. 

‘wwe restore the preglacial drainage of the United States, 
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at would, in thousands of cases, be found different from the pres 
ent, Some of these changes have been of great importance; for 
example, how different would have been the history of Pittsburg 
if there had been a waterway to the vorth (Fig. 295) instead of to 
the southwest! How different would have been the history of 
Cincinnati if the Ohio flowed past it as a small stream without its 
great tributaries, the Allegheny and Monongahela! And what a 
contrast there would be where Buffalo and the other lake cities 
stand if glacial changes had not united streams and caused lakes 
in the valleys of the St, Lawrence system! 
Of the tens of thousands of lakes in the glacial region, the 
vat majority are due to some interference of drift deposits 
h drainage (Figs. 297-300). This is true of the small 
mds and lakes, of which there are said to be 10,000 in 
minnesota alone; and it is true of the many large lakes. 
Even the basins of the Great Lakes, caused in part by glacial 
erosion and changes in level of the land, owe a portion of 
their depth to dams of glacial drift. What an important 
difference it would make in the cities and industries of north- 
ern United States if glacial action had not caused the lakes 
which dot the surface! 














Summary.— The ice sheet cused many changes, making some 
regions rougher than before, others smoother ; it changed the soil, 
cuusing it to differ greatly from place to place : by turning streams 
aside, it led to the formation of may yoryes und waterfalls ¢ it hax 
even turned streams into other systems; und it hus made thousands 
of lukes, great and small. 








Torican Outie 





E, QUESTIONS. AND StGGESTH 








99. Valley Glaciers. —(w) Formation: suow 
field; movement of snow; m ion of ice; extension of ice 
tongue. (b) Movement: nature; rate; glacial erosion. (c) Moraines : 
Iateral; medial ; crevasses; ice falls; movement of materials to botton 
ground moraine; terminal moraine. (d) Wash deposits: souree of 
water; of sediment; rock flour; nature of deposit. 

100. Glaciers of Alaska. —(a) Muir: tributaries; front; withdrawal. 
() Malaspina: form; movement; surface condition. 


Tovicat OvutLis 
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101. Distribution of Valley Glaciers. — Europe; North America, — 
Mexico, United States, Canada, Alaska; Arctic; southern hemisphere. 

102. Former Extension of Valley Glaciers.—(a) Instances. (6) Evi- 
dence : erratics; trim; moraines; till; wash deposits. (c) Ice erosion; 
roches moutonnées; rock basins; cirques; hanging valleys. 

103. ‘The Greenland Ice Sheet. — (a) General condition : topography ; 
coast; valley glaciers; area of ice; meaning of ice sheet. (b) The ice 
sheet: interior condition; outward motion; nunataks; valley tongues; 
size; movement; icebergs. (c) Rock materials: on the surface; at the 
base; erosion; deposits at margin. (d) Former extension. 

104. Other Ice Sheets. — Antarctic; islands of Arcti 

105. Formation of Icebergs. — Causes; effects; outward movement 

108. Former Ice Sheets in Europe and America. — (a) Extent: Europe; 
America; continental glaciers. (5) Proofs: striw; erratics; ice ero- 
sion; glacial deposits; glacial drift. (c) Agassiz's explanation. 

107. Cause of the Glacial Period.— Land formerly higher; probable 
result; retreat of ice; time since ice withdrawal. 

108. Terminal Moraines.— Cause; form, size, kettles; composition; 
lobate moraines; moraines of recession. 

109. Stratified Drift.—Nature of stratified drift; wash plains; 
kames; kettles; eskers; sand plains. 

110. Ice-dammed Lakes. —_Cause; Great Lakes, — early stages, changes 
in outflow, beaches, lake clays; changes of level,—evidence, effect on 
outflow, present changes. 

111. ‘Loess. — Nature; occurrence; cause. 

112. The Till Sheet.— Distribution ; nature of material; variation in 
thickness: variation in bowlders; reason for variation; bowlder trains. 

113. Drumlins.—Size; shape; cause; occurrence. 

114. Glacial Erosion.—Striz; north slopes; roches moutonnées; 
scratched pebbles; nature of the ice erosion ; effect in valleys; illustra- 
tions; rock basins. 

115. Effects of the Ice Sheet.— (a) On the land surface: irregular sur- 
faces; smooth surfaces; prairies. (b) On soil: differences; strength 
of glacial soils. (c) On streams: formation of gorges and falls; in- 
stances; effect on manufacturing ; complete turning aside of streams; im- 
portance of this. (d) On lakes: cause; numbers; Great Lakes; importance, 

Quzerioxs.—99. What is the snow field? What is the nature and 
origin of the névé? What isa valley glacier? Why does it extend down 
the valley? How does the ice move? What is happening at its bottom? 
What are lateral moraines’ Medial moraines? Crevasves? Ice falls? 
What descends through the crevasses? What is the ground moraine? 
Terminal moraine? Account for the wash deposits. 
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100, Describe the Muir glacier. ‘The Malaspina glacier. - 

WL Where are the glaciers found? Tn what nones? 

102. Whore did yalley glaclers formerly exist? What are errattes? 
What is till? Why is it wustratified? What work of erosion did 
ancient glaclers perform? What are roches moutonnées? Rock basins? 
Hanging volleys? State the evidences of formor valley glaciers 

103. What is the condition of Greenland? What is an ine sheet? 
What is the condition in the interior? How does the ice sheet move? 
What is tho condition at ite margin? How are rock materials curried & 
What deposits are heing made? State the evidence of former extension. 

104. Where wise are ice sheets found ? 

105. What are ths onusss for ioeberge? Why do they drift away? 

106. Where were there former great ico sheots? What evidence ix 
there of former glaciation? Why ar the deposits called glacial drift? 
Who proposed the theary of the Glacial Period? Why? 

107. What is the most probable explanation of the gluelal period? 
How did the jew udvance? Why did it retreat? 

108 What are the characteristics of terminal moraines? What are 
lobate moraines? Moraines of recession ? 

109. What is the cause of stratified drift? What are the following: 
wash plains, kanes, kettles, eskers, aand plains? 

110, What changes ooourred as the ioe melted from the Great Lakes? 
‘What deposits were mado ¥ What ovideneo is there of change Iu level of 
the lund? State the past and posible future effects, 

111. What is loos? How formed? Where found ? 

112. What is tho principal soil of the glacial rgion? Where ia it 
found’ How dows it vary? Why? 

113. What arv drarlins? How do they vary? Where found? 

114. What proofs of glacial erosion are there? What wore its effects 
on the valleys? Give illustrations. 

TK What effects tind the ice sheet on surface features of the Tand? 
On foil” On stream courses? Give instances of streams turned into 
other aystems. What effeet had the ice ou Inkes? 

Sveoxstioxs.—(1) Cut out a square block of ee and Goat it in 
water. Mensur it to see what proportion is above water. Pince the 
same block in sult. water and mrasure the propartian above water. (2) Tn 
a tox, the end of which can be removed, place thin Inyers of amaw inter: 

with sheets of mixed gravel, sand, and clay, placlug a mueh greater 
amount in the part from which the wo of the box is to be remored, 
Compact it ax tightly ms possible, then allow it to freee, Remove the 
end of the hax, allow the icc to melt, and wateh the result. Doce 
& moraine-like accumulation form at the front? oes the surfacr off 
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the jo eventually becorhe covered with sand? A lange namber of 
glocial phenomena can be imitated by a little ingenuity, —for exar- 
plo, cutting crevasses, boring a tunnel at the bottom of tho ier, and 
sprinkling the ice surface to supply water, ‘The atream that issues from 
the tuinel may be inde to bulld wash deposits on 8 moderate slopes 
‘or 10 build sand plains in temporary lakes along tho ice margin, etc. 
(8) Tmltate enovaine topography by dumplag small palfuls of sand in 
piles clow together. (4) Is your homo én the glacial bolt? If what 
effects of the glacier can you find in the neighborhond, either by a study 
of the topographic map or, better still, on a field excursion? Is the soil 
till or stratified drift? To answer this question looks for oats and xtudy 
them earefully. I till, look for seratehed stones. If stratified, why aro 
‘the pebbles rounded and the scratehes gone? Look for glucial seratotes 
‘on recently uncovered exposures of bed rock. What is their direction ? 
Are the bowlders and pebbles all of the same kind as the bed rock? Do 
you know if any of them could have come from lodges in the direction in 
Which the strim point? Can you find moraines, kames, calves, or dram. 
Tins? If wey atady them, vir form and the nature of the material. 








Reference Books. —Rursxrt, Glaciers of North Ameriea, Ginn & Con 

75; Tani, Physical Geoaraphe of New York State, 

Chapters 1V wut VEU, Maciitlan Co., NY, 1902, $3.50; Wasastr, Sor 

Age in North America, Appleton & Co., N-X., 4th ed, 1002, 84.005 Man 

and the Glaciat Period, Appleton & Co. N.Y., 180%, $1.75; Boxwny, Lee 
Wark Rest ead Preset, Avpllon Co. NY, 1690, 81 












Glaciers of the Alps, Langn 
and Davis, Glaciers, Houy 
The Scenery of Switzertand, 1808, $1.00; Satte 
HER, Glacial Geology, Vol. ¥, 1002, New Jersey Geological Surrey, 













Treoton, Nul.; NANxeN, First Crossing of Greenland, Longmans, Groen 
& Co, N.Y., 1892, $1.26; Peany, Northward over the Great Loe Po de 
Stokes, N-¥., 1808, $6.00; Davee, Studies in Indiana Geoyraphy, Toland 





Pablishing Co., Terre Hante, Ind., 1587,81.25, U.S Geologionl Survey 
as follows: Russert, Existing Glaciers of United States, ith Aunual, 
P 909; Molaspinn Glacier, Vth Annual, p.7; Rei, Muir Glacier, 16th 
‘Annnal, p. 421; Crammmnes, Terminal Moraine, Sd Annual p 2055 
ie, Th Annual, p. 155; Lavenere, Mlinoir Glacial Lobe, Monograph 
XXXVILL; Glacial Formations, ete. of the Erie and Ohio Basing, Mavor 
XLI; Sroxe, Glacin’ Gruavels of Maine, Monograph XXXIV; 
Urwam, Glacial Lake Agusnis, Monograph XXV. 























Fin, 2% —Lake Cayugn, central New York, ocoupying a river valley broad 
‘eued and deapened Uy glacial orosion and dammed at one end uy drift 
Mtoponits. 





Fin. 24 —Lower Awenbly luke ta the Adirondacks, occupying a mountain 
valley damned by deitt, 
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dams may be made across stream valleys, changing them to lake 
basing. By far the moat important of these causes are the glacial 
dams whieh have so recently interfered with the drainage of large 
areas of Europe and America. Many Inkes, such ay the Great 
Lakes (p. 156), are due to a combination of two or inore causes. 

‘There are still other causes than those already stated for lakes 
and ponds, For example, beavers build dams of wood and mud 
across streams to muke swamps and ponds for their homes and 
feeding grounds. Man is now one of the most important agents 
in the making of lake basins. ‘To supply water for power, for the 
uso of cities, and for irrigation, men are marking ponds and lakes 
in many parts of the earth. 


= Lake basins, though parts of river systems, are not 
generally formed hy the rivers, but by some interference with drainage, 
usually by some kind of dare, Man is now making many lakes. 


117. Size and Form of Lakes. —There is every gradation 
from mere ponds to the largest of lakes. Some are very 
shallow; others have great depth; in many the bottom ix 
below soa level: und even the surface of some, like Dead 
Sea, is below sea level. ‘The following tables give some 
facts regarding the size and dopth of certain large lakes, 
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The great majority of lakes are lo in one dicection 
than in others. The explanation of this fact is that they 
occupy parts of river valleys, and, therefore, have a long axis 
in the direction of the valley. If the water rises into tribu- 
tary valleys, the outline of the lake becomes irregular, as in 
the case of Lake Champlain. Because the basin which they 
occupy is round, some lakes are nearly circular. This is 
true, for instance, of crater lakes (Figs. 215, 216, 225), sink- 
hole lakes (p. 60), and kettle-hole ponds (Fig. 294). 

Deltas built out into lakes help to make them irregular; 
and, on the projecting deltas, towns and villages are often 
placed (Figs. 107, 297). Deltas at the head of lakes, where 
the inlet streams enter, shorten the lake. 

On the other hand, waves tend to straighten lake shores 
by cutting back headlands and building beaches, which often 
shut in small bays, transforming them to ponds (fig. 370). 
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Summary. — Lakes vary greatly in size, depth, and form; but 
most lakes are long, beearse they occlpy parts of river valleys. 
Deltas on the sides of lakes make them irregular; but waves tend 
to straighten the shores. 


118. Salt Lakes. —The largest lake in the world, the 
Caspian Sea, is salt. It receives an enormous inflow of fresh 
water from the Volga and other rivers; but in that dry 
climate, evaporation is so rapid that the water does not fill 
the basin and overflow. Its surface is about 85 feet below 
sea level. 

Dead Sea, whose surface is 1300 feet below sea level, is 
one of the saltest lakes in the world, being nearly a quarter 
salt, although entered by the fresh-water Jordan. 

Great Salt Lake is about one fifth salt; and this amount 
so increases the density of the water that a man cannot sink 
in it. Where the water has risen over the low plain sur 
rounding the lake, and evaporated, the ground is incrusted 
with salt; and, by leading the water into shallow basins, and 
allowing it to evaporate, salt for use is obtained. 

The explanation of salt lakes in dry climates is as follows: 
Streams carry salt, gypsum, carbonate of lime, and other 
mineral substances in solution (p. 51). Where lakes have 
outflows, these substances are in part borne away by the 
outlets; but in arid climates evaporation is so great that 
the lakes cannot rise and overflow the rims of their basins. 
Therefore, while the water is removed by evaporation, the 
mineral substances are left, and the water grows gradually 
salter. If evaporation continues long enough, there will be 
so much salt that some of it must be deposited on the bot- 
tom. Great Salt Lake is not yet salt enough for this; but 
carbonate of lime is being deposited. 


In the Great Sult Take basin there are wonderfully perfect 
deltas, beaches, and wave-ent cliffs on the mountain sides, hun- 
dreds of feet above the valley bottom. By tracing these shore 


164 NEW PHYSICAL GEOGRAPHY. 


lines it is found that a great fresh-water Inke, now named Lake 
Bonneville (Fig. 301), formorly fillod this basin, 

the Columbia. [ts area was as great as that of Lake 
and, om the nite of Salt Lake City (Fig. 133), the water was over 
1000 feot deep. Great Salt Lake is tho sbrunken descendant 
of Lake Bonneville, occupying a shallow depression on the lake- 
bottom plain. In other arid regions there is evidence of former 
periods of greater moisture. 

Summary. — Sait lakes, common in arid regions, are dua to the 
fact that evaporation prevents the water Sram rising to a poiat of 
cmerflow, ancl, by removing the water, leaves behind salt and other dis 
solved mineral eubstances. Elevated exore lines around the basin of 
Great Sait Lake prove former periods of greater moisture. 


119. Life History of Lakes. —Some lakes disappear by 
the sudden removal of the dam, as in the case of 
lakes (p. 149); others, like Lake Bonneville, disappear by 
evaporation. But most lakes have a different life history, 
being destroyed partly by filling, partly by cutting down at 
the outlet. Cutting at the outlet is usually slight, because 
the sediment has been filtered out in the quiet lake water, 
thus robbing the outlet stream of tools for erosion. This 
is illustrated by Niagara River, whieh, though 
from Luke Erie with great yolume, has been able to do 
little morv than cut a shullow valley in the loose glacial 
drift (Fig. 483). 

Every stream that enters a lake is bringing to it sediment 
which is helping to fill the busin; and the waves, winds, 
and rain wash add to this sediment supply. ‘Che fiuee rock 
frgments are carried out into the lake and strown over its 
bottom, while the coarsest fragments are deposited near the 
shore, especially opposite the stream mouths, building deltas. 
(Figs. 107, 208, 297.) 

As son as part of a lake beoomes ahullow enough, vege 
tation commences to grow in the quiet water (Figs. 308, 
206). ‘The doath of these plants— including lilies, reeds, 
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cane, and sphagnum moss—supplice farther material for 
Jako filling. Gradually the inke is replaced by a swampy 
plain (Fig. 804), the upper layers of which are made of 
vegetable remains. 

Over this swampy plain the streams meander, gradually build- 
ing it higher by fiood deposits until it becomes a di Ee 


filled, tho ontlet stream, being na longer robbed of its sediment, is 
able to cut more rapidly; and, a8 tho outlet stream deepens its 
valley, opportunity ix given for the streams on the lake plain to 
gut valleys, Then the sediment with which the lake basin has 
been filled.is slowly removed. Im the glacial belt there arc 
many illustrations of partly or completely filled lakes and ponds; 
and among mountaina every gradation in lake destruction is 
found, evento the point where all lake sediment has been removed. 

Summary. — Lakes are normally removed! by combined cutting at 
the omtlet and Aling with sediment ; but down-cutting at the outlet ta 
wewally alight because the outflowing streavus have little seliment. 
Plant growth, end te floods of streams tut flow over the swampy 
plain, accomplish the final stage. When giling is complete, the strewina 
are able to cut into these lake beds and remove them, 

120: Importance of Lakes. — Lukes are highly important us 
resorts for people in search of rest and reoreation. The 
beautiful scenery, cool climate, boating, bathing, and fishing 
attnict thousands of poople each summer to the Great 
Lakes, Lake George, Lake Champlain, and the lakes of the 
Adirondacks, the Cutskills, aud New England. 

Lakes have a decided influence on climate. In summer the 
water warms less rapidly than the lind, and this cools the 
air over the lakes. In winter, on the other hand, when 
the land is frozon and snow covered, deep lakes are open and 
the temperature is, therefore, above freezing point. Thia 
open water acts like a great stove, raising the temperature 
of the air, which winds carry to the neighboring land. 
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Fra, 23, —A pond in whieh wegetation is niding in filling, Alles wre the far~ 
thest out, then low shrubs, then low trees, and finally tho forest. 








Pio, A= A filled poud In the Adirondacks, abowing the swamp plata and the 
Fie stream crossing it. 1 fs still too swampy for trees to grow. (Copyright, 
8. RB. Stoddard, 1888.) 
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Asstorage basins and regulators of water supply, lakes serve 
still another important purpose. While the volume of such 
rivers as the Mississippi varies with the rainfall, the lake- 
fed Niagara and St. Lawrence maintain a very uniform flow. 
It is because they store large quantities of water for steady 
supply that lakes and ponds are so useful for city water sup- 
ply, for factories, and for irrigation. The fact that sediment 
settles in lakes makes them of further value in supplying 
clear drinking water, even though entered by very muddy 
streams. Indeed, ponds are often made part of a city water 
supply for this very purpose of removing sediment. 

‘The dtying up of salt lakes leaves beds of salt, some of which 
are found on the surface of arid lands, as in western United 
States; others are buried deep in the earth. Dried-up salt lakes 
also supply other mineral substances, one of the most important 
being gypsum, which is used for plaster of paris, land fertilizer, 
and the “chalk” of crayons. 

Summary. — Lakes are important as resorts ; they have decided 
influence on the climate of near-by land ; they are a source of ice ; 
they supply food fish ; they are very useful for navigation ; they act 
as storage reservoirs for a steady supply of water, and as settling 
basins for sediment ; and dried-up salt lukes furnish beds of salt, 
gypsum, and other mineral substances. 


SWAMPS. 


121. Causes of Swamps. — A swamp is a damp place on 
the laud, not ordinarily covered by standing water. It is 
caused by some interference with the run-off of water, such 
as a gentle slope, or the growth of swamp-loving vegetation. 
One of the most common causes of swamps is the filling of 
lakes, forming surfaces so level that swamp plants grow there 
in abundance. During the stages of lake filling, swamps are 
formed on deltas, in bays, and, if the lake is small, even along 
the shores (Figs. 303, 306); and, when completely filled, the 
lake is replaced by a swamp (Fig. 804). 
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¢o (py temperate climates, the most important 
swamp-producing plant is the sphignuas moss, whieh forms 
peat bogs. Sphagnum often grows out from the shares of 
small, shallow ponds, floating on the surface (Fig. 305), aud, 
by the decay of its lower ts, cuusing a deposit of vege- 
table muck on the bottom. Eventually the sphagnum may 
reach entirely across a pond, with growing plants above and 
a thick, liquid mass of decaying vegetation below. It is 
then called a quaking bog (Fig. 805), because it trembles, or 
quakes, under the foot. If one sinks into the muck below, 
escape is impossible. Very perfect remains of extinet wnic 
als, and even of men, have been found in the peat bogs of 
eland, the decaying vegetation forming preserving acids 
which interfere with decav, 





























Fra, 905.—To show the growth of sphagnum moss out from the shore, forming a 
quaking bog. In time the moss frum the sides will ineet, completely inelosing. 
the pond, and, by its deeay, covering the entire bottom with muck. 











Swampy or boggy places are common on hillsides where springs 
appear, encouraging the growth of sphagnum and other swamp 
plants. Sphagnum holds water like a sponge, and is thus able to 
grow some distance from the spring; in fact, it may even climb 
the hillside, making a climbing bog. In the damp climate of Tre. 
land, climbing bogs sometimes become so heavy with water that 
they slide down the hillside, becoming * bursting bogs,” by which 
both life and property have been destroyed. 

‘The Arctic tundra, in winter a frozen, snow-covernd desert, in 
summer becomes a vast swamp, wherever there is soil. The rea- 
son for this is that the melting frost makes the ground wet, as it 
does in all cold climates in spring. Every rain makes the tundra 
more swampy, partly because the frost prevents the water from 
soaking into the ground, and partly because it helps the frost to 
melt. In this swampy land mosquitoes develop in such numbers 
as to become a great pest. 
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The overflow of rivers causes swamps in low places on 
floodplains, especially on the low ground just behind the 
natural levees. These swamps are unfit for cultivation 
and are occupied by dense forests of cypress, black gum, 
and other swamp-loving trees (Fig. 308). Swamps are also 
found along the lower courses of rivers, where the river 
water is backed up by the tide and caused to overflow low 
land (Fig. 121). 

Level coastal plains (p. 72) often have so gentle a slope 
that the water cannot run off; and the drainage is further 
interfered with by the rank growth of vegetation which the 
water encourages. Such swamps are found on the coastal 
piain of Texas and in Florida (Figs. 78, 79), especially in 
the Everglades region. ‘The famous Dismal Swamp on the 
coastal: plain of Virginia and North Carolina is another 
illustration (Fig. 807). By clearing off the vegetation, and 
cutting ditches for the water to run through, parts of Dismal 
Swamp have been drained. 








Naturally there are few swamps in arid lands; but some are 
found near springs and on the river floodplains. There are also 
marshy places—alkuli slats and salines (p. 87)—in which only 
a few species of plants can grow. At times of flood they may 
become shallow, muddy lakes, called playas ; but, at other seasons, 
evaporation changes them to hardened mud, crusted over with 
alkali and salt. When wet, the deep, sticky mud often makes 
them quite impassable, 


Swamps, or marshes, are also found on the scacoast (pp. 216, 217). 


Summary. — Swamps are caused during the filling of lakes, ome 
form of such swamps being the peat hog, formed by the growth of 
sphagnum moss. Sphagnum also makes swampy placgs around 
springs, and climbing bogs on hillsides. The melting of frost in 
summer causes the Arctic tundra to be seampy wherever there ie 
soit, Swamps also occur along rivers and on level coastal plain 
In arid lands, where evaporation causes a deposit of salt or alkali, 
there are swampy tracts, called alkali flats and salines. . 






in America, where land is less valuable. 
sive drainage has boen carried on in the N 
the low, swampy delta of the Rhine, and 
ahallow sea-bottom, have been protected by dik 
by pomping. About one half of tho Netherlan 
Iand, a large part of it being below sea level, 


‘The salines of arid lands have valuable stores 0 
peat hogs of cool temperate climates are im) 
fuel. Coal ant wood are so abundant in Amorion 
‘of fnol is scarcely touched; but in northern 
im t fuel, being cut out with spaces (| 
eee cies Cotten cea 


Summary. — Swamps are unhealthful, being a 0 
they are of little value wnleas drained ; but the 
and the poat boga fuck. Coal is made of swamp 
shanged to mineral ane nreserved heneath bods of sed 
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CHAPTER X. 


THE OCEAN. 


123. Importance of the Ocean.— We have already learned 
(y 15) that the ocean is in many ways of importance to 
mu. It supplies vapor for rain, and moderates the climate 


of the lands, it is a source of 
food and other products that 
man needs ; and it is un impor- 
tant highway of communica- 
tion between all quarters of 
the globe. 


THE OCEAN BOTTOM. 


124. Oceanography. —Ocean- 
ography is the study of the 
ocean, both the surface and 
the bottom. For carrying on 
this study there have been 
namerous exploring expedi- 
tions, the most importunt be- 
ing that of the British ship 

» which spent four 
years in studying the Atlun- 
tic, Pacific, Indian, and South- 
ern oceans. Other governments 
have also sent out ships for 
this purpose, among them the 
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U.S. Cosst Survey steamer Blake and the U.S. Fish Com- 
wnission steamer Albatross. One reason for a special atudy of 
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Semmary,— For a study of the ocean, or oceanography, there 
have been numerous exploring expeditions, ont of whose 


government 
objecta haa been to determine the best lines for cables, In the atudy 
of the ocean bottom the depth, nature of the water, nature of the ag 
tom, temperuture, and kind of animal life are usually determined, 

125. Ocean Basins.— Exploration has shown that the 
ocean bottoms are mainly vast submarine plains (Figs, 818, 
816). Beyond the continental slopes (p. 22) almost the entire 
ocean floor is a 
monotonous plain, 5fZne lac 
occupying about 
two thirds of the 
earth’ssurface (Fig. cored 
19). Here and es i see Oe ee 
there a portion is o 5 Nor as Las 
sunk below the rest, Sst 
forming o deep (Fig. $14); and here and there voleanio 
peaks or mountain ridges rise from the ocean floor (Fig. 318), 
sometimes reaching above the surface. But these elevations 
and depressions are only exceptions to tho goncral levelnoss. 

‘The Blake deep, not far from Porto Rico, ia the decpont known 
point in the Atlantic Ocean, 27,360 foot (Fig. 313), There area 
number of volcanic peaks in the Atlautic, such as the Bermudas, 
the Azores, the Canaries, Cape Verdo Islands, and St. Helena, 
In the mid-Atlantic there is a low, irregular elevation, or a series 
of submarine plateaus (Fig. 314), sometimes called the mid-Adantie 
ridge (Fig. 315), There are deeps on both sides of it This 
upraised portion extends the whole length of the Atlantic, usually 
several thousand fect beneath the surface. 

There are hundreds of volcanic peaks in the open Indian and 
Pacific oceans (Fig. 313), usually in chains along the crests of 
submarine mountain uplifts, —for example, the Hawaiian chain, 
and the Ladrone chain, of which Guam is one peak. The deepest 
known point in any ocean, $1,600 feet, is the Challenger deep, near 
Guam, The Aldrich deep, near New Zealand, is 30,930 feet; 
and the Tuscarora deep, east of Japan, 27,030 feet, 
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Little is known about the Arctic and Southern oveans; but 
Nanoon found a depth of over 12,000 feet in the Arctic, and party 
‘of the Southern Ocean are also known to be very deep. 


‘Summary. — Beyonl the continental slope is a vast expanse of 
plain, covering about two thirds of the carth's surface. There are 
ovearional deeps sunk bulow its yeneral level, and voloanic comes and 
mountain ridges vising above it. 


126. Deposits on the Ocean Bottom.— (A) Rook Fragments. 
— The wind, rain, rivers, and waves drag fragments from the 
land into the sea, Most of this sediment settles in the quiet 
water near the coast; but curronts drift some of the finer 
particles out to sea, even to the edge of the continental shelf, 

This sediment fills depressions and vends to amooth over 
the irregularities of the continental shelf; and, by its accu. 
mulation, it makes bede of sedimentary rock, coarsest near 
the const (p. $2). Remains of ocean animals also accumu- 
Jate on the bottom and add to the deposit of sediment, being 
preserved in the 
rocks as fossils. 


‘Su .— Near 
the continents the 





(B) Occean-bot 
tom Ooxer.—So lite 
tle rock waste is 
dragged far out to 

A magnitiol somplo of elobigerina ev goa that the contri 
bution of animal 
remains exceeds that of rock waste. More than a third of 
the ocean bottom fs cov with un ooze, composed mai 
of animal and plant remains, ‘This deposit contains = 
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percentage of rock fragments, especially pieces of volcanic 
ash and pumice that, on becoming water-logged, have settled 
to the bottom. The ocean-bottom ooze is made partly of 
organisms that live on the bottom, but mainly of the shells 
of microscopic organisms’ that live in vast numbers in the 
surface waters und, on 
dying, settle to the 
bottom. 
‘The ocoan-bottom ooze 
is given different names 
ing to the argan- 
isma that are most abun- 
dant Thus alarge part 
‘of the ocean-bottom de- 
posit is called globigerina 
ooxe (Fig. 317), because of 
the abundance of iniero- 
scopic Globigerina (Fig. 
518). Chalk isa similar 
ooze deposited on the 
‘bottom of ancient seas. 
‘Thare isalso pteropodaud 
diatom cov. The latter 





in made of siliceous parts. 

of microscopic diatom 

planta which thrive espe- 

cially in the cold waters Mie, 318,—A specimen of Globlgerina from the 

‘of the Southern Ocean. surfane, groatly numgnifiad. 
Summary.— Fur from land, where there (s Uttle rock waste, the 






ooran bottom is covered with globigerine aut other ooes, mde largely 
Of the remains of organisms, mostly microseupic surface forms. 

(C) Red Clay. — The shells that sink to make globigerina 
ooz6 are composed of carbonate of lime, but contain a very 
‘small percentage of other substances, such as iron and silica. 
In pret Sea ocr water (12,000 to 15,000 feet or more), 
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which contains much carbon dioxide, these limy shell 
dissolved ; bnt the iron, silica, ete., are not so readily sol 

and they pass on to the bottom forming a clay, colored red 
by iron oxide. More than a third of the ocean bottom ix 
covered with this red clay, whose rate of deposit must be very 
slow since it is formed of the very small insoluble portion of 
shells that are thomsclves microscopic. 

Other facts further prove that the red clay is formed 
wonderful slowness. Scattered through it are fragmet 
pumice, bits of meteoric iron, the teeth of sharks, and 1 
bones of whales. There are not many whales or sharks in one 
place, nor are many meteorites falling. If the red clay were not 
acoumalating tery slowly, those objects would be a0 deeply covered 
that a small dredge would rarely find any; yet deepsea dredging 
often brings them to the surface, | 

. — Bed clay covers the deeper parts of the ocean bottom ; 
that is, over one third of the entire ocean floor. Tt is a very alouty 
Sorming deposit, mare of the insotuble remaanta of microscopic shells 
that have deen dissolved in the deep-sea water. 

127, Land and Ocean-bottom Topography. — There are three 
iniportant reasons why the ocean bottom is far more 
than the land surface (p. 21). (1) While mountain ing 
and yolcanio action cause irregularities both on land and ovean 
hottom, they are less important in the sea than on the land. 
(2) Erosion sculptures the land into hills and valleys; bat 
the ocean water protects the bottom from these 
(3) Sediment washed from tho lands, and the of 
organisms to the bottom, tend to smooth the sea floor. 

Because of these facts, if a smooth sea-bottom plain js 
raised into the air, it is soon carved by erosion into a series 
of hills and valley's; but if a1 irregular, hilly land is sunk 
beneath the sen, it is soon smoothed over by a blanket of 
sediment (p. 72). ‘There is # striking difference between 
the widespread smoothness of ocean-bottom plains and the 
pleasing irregularity of the lands, a 

| 
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Summary. — The ocean bottom is fur smoother than the lands 
because of (1) lesa mountain folding and voloanie action ; (2) abe 
sence of erosion ; and (3) widespread deposit of sediment, 


THE OCEAN WATER. 


128. Surface of the Sea. —FElevations on the land are 
moasured from sea level, by which is meant the approach 
toa spherical form which the water assumes under the pull 
of gravity (p. 8). The level of the sea is not perfectly in 
accord with the spherical form of the earth; for the curved 
water surface is distorted a little by the attraction of the con- 
tinents, slightly rising its level near the coast. Winds and 
storms (p: 271) cause local disturbances of sea level ; but, as 
soon ua the disturbing cause has passed, gravity draws the’ 
water back to its former level. 


Thore aro two causes which are slowly ‘operating to change 
Os level of the sea, Thu less important of thewe is the deposit 

of sediment, which tends to slowly raise sea level, It would 
take long periods of time for this to produce a great effect, for 
there is a vast amount of water to be raised. Even if all of North 
America above sea level were put into the Atlantic, the surface of 
the oceans would not be raised many feet. ‘The second cause for 
change in level fs movement of the ocean bottoms, Thore is good 
reaaon for believing that, during past ages, the ocean basins have 
been slowly growing deoper. The effect of such a movement 
wonld be to gradually withdraw the waters from the lands, 


Summary. — Sea level is stiyhtly disturbed by the attraction of the 
continents + locally, anil for short times, by winds and storma ; anc 


vary slowly by (1) the deposit of sediment in the oceans and (2) the 
sinking of the ocean bottom. 


129. Composition of Sea Water. —Every one is familiar with 
the saltnessof the sea. Probably salt and other mineral sub 
stances were held in solution when the oceans first gathered 
but certainly some is being added every day. The vapor 


sbsaporaticn of the water in arms of the sea, cut 


Caspian is to-day. 
Carbonate of lime, though present in very st 
ties, is another important mineral substance 
Many ocean animals, such as corals and al 

the growth of their shells and skeletons. On 
the animals these have accumulated in beds of 
whieh, raised to form land, are now used in bul 
ing iron, and making lime. 

Some air is mixed with all ocean water, ban 
‘on the ocean bottom, whore it is brought by slo 
currents, A few sea animals, auch as the scale 
come to tlie surface to breathe ; but the great m 
quire so little oxygen that they are able to obtain 
neod from the air that is mixed with the sea r 
‘out it most of the ocean animals could not live. 

Summary. — Salt anil other mineral substances, ind 
ate of Toma, of which whills are mate, aro bebng eo 


‘from the band énty the wea, Air mized with the water 
| aeeamee : 


ee 
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130. Density and Pressure of Sea Water. —Salt water is 
hoavier, or has w greater density, than fresh water. Calling 
fresh water 1, the avernge density of ocean water at the 
surface is shout 1.026. ‘The density is lees than the average 
in the rainy tropieal belt, and also near the mouths of great 
rivers, where a large amount of fresh water is added, It is 
greater than the average where there is much evaporation, as 
in the dry trade-wind belt, and in sess inclosed by warm, 
arid lands, like the Red and Mediterranean sens, 

‘Thore is an enormous pressure on the bottom of doep 
oceans, At the depth of a mile every square inch bears a 

t of over a ton of wator, and the prossure on the 
bottom of the Aldrich deep is nearly six tons to every square 
inch. One might expect that so great a weight of water 
would crush the animals on the ocean bottom ; but it pro- 
duces no more effect on them than does the weight of air 
(about 15 pounds to the square inch) which our bodies bear. 


‘The reason why this great prossure is not felt is that it affects 
all parts of the body, both within and without, When deepsea 
fishes are brought to the surface, however, and the pressure 
frou outside is reduced, that from within opens eracks to their 
bodice and often causes their eyes to protrada. 

Water, unlike uir, is not much compressed, even under the great 
leadl that weighs down on the bottom layers. ‘Therefore its 
density at the bottom does not differ greatly from that at the 
surface, If it were much compressed, as air is, ip might become 
so dense that objects could not sink throngh it to the bottom, 
They would then float around in the dense layers. 


‘Summary. -— Suit water is denser than frewh waser; but ite density 
varies somewhat. There ts an enormous pressure on the oceun bot- 
tom, beet, since water is not mvwch compressed under pressure, ite 
density te not greatly increased at the buttom, 

131. Color and Light. — Sunlight ilominates the upper layers 
‘of the sea and reaches to the bottom of shallow water, The 
beautiful blue of the open ooean is partly due ta the reflection of 


‘The yellow water near the 
low River of China is 

that the river brings; the co 
rata cba Hie e 0 


No sunlight penetrates to 


deep-sea fish are blind ; but 
and many are brilliantly o d. 
and colors are doubtless of use 


some of the fish have feelers, 
‘on the ond, which have es 
dewent of oon —Tanterns Pho 
fmrertore 8 pany surface animals, and He, 
Saeraon. ‘Debind It a trail of ape 
made Us tho multitude of animaloulw 
disturbed, 
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132, Temperature of the Oceans. —The st 
ocean water are warmed by the sun. y 
waters of the frigid zones are nearly at the fi 
of salt water (28° or 29°), tropical waters are 
80° or 86° (Fig. 320). In the inclosed Red Sea, 











tomporature, The offect of the land, aml of ocean 
‘currents, mses the temperature lines uf the northern ocean fur more lerego= 
Tar than thone to the southern hemisphere. On aa outline map of the world 
make a skotcb map shmflar to this, 





Pro, 221, —The advance of wares on a beach, forming surf, 














Fi. 22.— A United States government ship (che WaFeree) strmtubied om the 
Taund ta Chile by an earthquake wave tn J6R Tho suet Hie i ween wee 
‘elgtth of w mile beyond the farther ship, 















Pio, 22. —'The bore wave at Moncton, Now Brunswick, 


entrance of cooler currents r Wi bri 


influence the tem~ 
‘ocean water 


Ss the sun's mys 


only the upper 
of the ocean, deep- 
wea water is not directly 
influenced by them. tt 
ae surface nasa wart, Fin, Saat Sealed af fim cosas from New. 
fark to Roramdu, showing te tete 
maraasre decane Fouts pn 

then slowly down to the bottom (Figs. 319, 321). Evory- 
were: even in the torrid zone, the temperatura of the 
ocean bottom is 
low (Fig. 825); 
and abont four 
fifths of the ocean 
water has a tem- 
perature of less 

than 40%, 





The explanation 
of the coli water 
in the decp sca is 
that water becomes 
more dense on cool- 
ing, and —conso- 
quently sinks, 
While fresh water 





* Seases sinking at 
Fie. 225. — Tompreatury on the bottor of the North ye 166), salt 

‘Avantlo. ‘The band of higher tomperature la on (p. 166), 
oo mid-Atlantic ridge (ome Fig 26). water continues to 


' 
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aca eos =a Saeetire ts to sink, 


Denne er ier mene ore: it 
a8 20 ‘The settling of cold water in the fri nye 


Ha, 226. — Th lah Aaa at pth . 
Seen eek ‘ot 
‘at tho depth of the barrier (1000 fathoms) over 
‘which tho water ontors the Galf feom the Atlantlo. 


a lela oe alee enticing 
such seas as the Gulf of Mexico and the M 
are partly shat off from the open ocean. In these 
oreasé in temperature continues down to the level of 
but no lower, bocause the coldest water that can creep | 
is that at the level of the barrier (Fig, 326), 


Summary, — Tie temperature of the surface water vari 
climate ; but setiling of eold water, cansing a slow etre 
the deep sea everywhere coll, Inclosed wa bottoms 
temperature as that of the open ceean at the level of the ba r 


{ MOVEMENTS OF THE OCRAN WATE 


133, Wind Waves. — Blowing on the surface of | 
water causes suiall waves, ‘These are similar t 


over its surface. The water itself does not ad 
wave, but moves up and down, with a slight fe 
backward movement. It is the form of the way 
‘vances, as a wave may be made to through 
shaking it vigorously. Therofore a ont instead. 
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forward, risos and falls as cach wave passes under it; but it 
is also carried forward and backward a little. 


Some of the great cocan waves, raised during heavy gales, 
have a height of from 30 to 50 feet, measured from the top, or 
cred, the depression, or trowh, between two waves, Then 
the ma presents a wild sight, as the great waves come down upon 
aship, their crests broken and whitened by the flerce wind. 
‘The wind mixes much air with the ocean water in the foam and 
spray of these white crosts, or whitecaps (Fig. 341). 

Such waves, moving at the rate of 40 or 50 miles an hour, some 
times dash over tho decks, carrying all loose objects along, and. 
‘even tearing away massive wood and iron work, Even reat 
‘ocean steamers are, at times, forced to change their course to avoid 
the danger of being upset by the approach of these huge waves 
from one side. To smaller boats they are very dangerous, and 
many a fishing schooner (Fig. 341) hus been sunk by them. 

‘The use of oil at sea is now common in violent gales. Drop 
on the sarface, the oil apreads in all directions; and, aa the oily 
surface offers less resistance to wind, the waves are much less 
broken. There is then loss danger of waves coming aboard. 

‘Waves often appear when no wind is blowing, and even when the 
sea is smooth and glassy. ‘They were formed in some place where 
the wind was high, aud have traveled far beyond their place of 
origin, Such waves are known a rollers, or ground ell, Because 
waves travel so far, no part of the open ocean is ever entively 
free from some form of wave or swell. 


Tn shallow wator the froo movement of waves is interfered 
with by the bottom, the wave grows higher, its front becomes 
steeper, and it finally topples over (Fig. 827). Then tons of 
water are hurled bodily forward as surf or breakera (Fig. 321), 
striking the shore with tremendous force. 


A current, called the undertow (Fig. 327), flowa outward along 
the bottom beneath the incoming breakers, On many wave- 
beaten coasts the undertow |s so strong as to be a source of 
danger to bathers, who are caught by it and held under water. 


rocks from the eliffe and grinding them on the b 
Bome of the Sragments offshore in the undertow, some a 

134. Other Waves. — Tap lightly on the bottom of 
of water, and the water rises in a low dome, 
shock in the ocean produces a similar wave, re 
the bottom of tho sea to the surface. The water n 
raised more than a fraction of an inch, but the di 
is so deep and affecta so much water that, when 
approaches a neighboring const, it rises higher ani 
Such a wave may then rise to 4 height of more than 
rushing perhaps a mile or more inland, en 
before it, and loaving vessela stranded (Fig, 822), 
thousands of people have been drowned by a 
quake wave (p. 119). 

Fortunately such waves are not common in many ps 
world, though Japan, the Kast Indies, and the coast: of 
Peru are subject to them. The waves travel great 
some from Asia reaching the California coast; but, so 
‘they are too much spread out to be destructive. 


‘The discharge of an iceberg from a glacier (p 1 
e 





beeaking up of an iceberg as it runs 















hs. 390.—Law Uda at Gloucester harbor, Mass, where the tide rises 8 oF 10 
feet. At bigh tide # fishing schooner (Ig. 41) can come in beside the wharf, 


Fra, 31. —Low tide along the const surth of Boston, showing the seaweed mat 
we thich covers the rocky coast, protecting It from wave altack. At Bigh 
Tide the water reaches above the dark-colored sone of seaweed 


a 
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ware. ‘These iceberg waves dash on the shores with great force, 
ul several feet above the normal lovel of the waves. 

‘A wave of high water accompanies hurricanes and other violent 
storms at sea (p. 271). 

Summary. — Waves are also started by earthquake shocks an the 
ocean Yatton; by the breaking of or stranding of secbergs; and by 
violent storms at sei. 

135. Tides. — Twice each day (more exactly, every 12 
hours, 26 minutes) the passage of tidal waves, formed by the 
attraction of moon and sun (Appendix E), causes the ocean 
surface to tise and fall (Figs. 828, 329). In the open ocean 
the difference in height between high and low tide, or the 
tidal range, ig not over one or two feot; but, as the tidal 
wave approaches the coast, its height is increased (Vigs. 330, 
881) by the effect of the shallowing bottom. 

Tn the oceun, und on open coasts, the tide is merely @ rise 
and fall in the water level: but in bays and estuaries this 
change in level starts currents, which often move with great 
velocity. Such currents may moo so rapidly that boats 
cannot make headway against the,..; indeed, in the Bay of 
Fundy the tide advances over the mud flats more rapidly 
than aman can run. From this it is evident why, 9 the tide 

fad falla, it is said to “come in” and “go out.” The 
is called the flow, tho falling tide the edt. 


alvancing tidal wave is greatly influenced by the form of 
on Ordinarily the tidal range is between 3 and 10 feet; 
parrowing, V-shaped bays the range is greatly increased, as 
of Fundy in Nova Scotia and Ungava Bay in northeen 
where the tide rises from 30 to 50 feet. 
the other hand, where bays broaden ont, bag-shaped, the 
is greatly diminished. For instanoe, the Atlantic 
pasting through tho Straits of Gibraltar, produces pructi- 
0 effect on the brond Mediterranean; buts very small local 
tide is developed in the Mediterranean itself. This almost com- 
plete absence of tide in the Mediterranean was af great impor- 
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332). Avubair cucraut opniva at Bell Gatatt 
between New York Hay and Long Island Sound (1 
On entering some river mouths the tidal o 


Amazon, and several 
other rivers, 

Not only does the 
‘de vary from place 
to place, but also 
from time to time. 
At new and full 
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moon the tidal range is greater than during the quarters. Tides 
with high range are known as spring tides, those with low range, 
neap tides (Appendix E). The correspondence of spring and neap 
tides to phases of the moon, and the fact that two complete 
tides ocour every 24 hours, 52 minutes (the period between two 
moonrises), long ago led 

to the discovery that the MouRS AFTER TRANaIT 

itr ete des to some in aly wm sme sam 
fluence of the moon. 











Tides are of great im- 
portance along the coast. 
‘The tidal currents drift * 
sediment about, thus 4 
helping to form sedi- 
mentary strata (p. 32). 
They also deposit sedi- 
ment in harbors, and 
each year lange appro- 
priations are necessary 


for the purpose of re- Fis. 34.— Diagram to show time of arrival 
‘and height reached by the tides on the two 













































































moving such deposits. sides of Hell Gate. ‘The currents at Hell 
By these currents, too, a Gate are therefore due to two causes : 
* son ii Fj (1) the time of high tide differs on the 

circulation is caused in Oe ee eee ates 


harbors (Fig. 880), thus 
helping to remove the filth that necessarily finds its way into 
the ocean near large cities. 

Tidal currents aid or impede vessels, according to their 
direction ; and they sometimes drift vessels from their course, 
placing them in dangerous positions. Every now and then 
in foggy weather, when the land cannot be seen, vessels run 
aground, because the tide has drifted them out of their course. 
The captains of all large ships carry tide tables and charts 
to aid them in navigation. One use of these is to tell 
when the tide is high, for the entrances to many harbors are 
too shallow to admit large ships at low tide. 
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Summary, — Every 12 hours, 26 minutes, the ocean 
rises and falls with the paseage of a tidal wave. In the open o 
range ix.a fool or two; along the coast,from 3 to 10 facts in W- 
Days even 30 to 50 feet; but in large bays Mhat broaden, the tide 
be destroyed. Along irregular coasts the rise and fall of the tid 

i x conse currents, acleieh wey 
is rapid 









water in efroulation : | 
aid or impede a 
andl they sometines place 
acle in dangerous positions, 


136. Ocean Currents, — 
The ocean waters are im 
constant c.roulation, not 
only along the bottom 
(p. 184), bapa in well. 
defined sur! currents 
(Fig. 885). The exist- 
Boars al tia ence of ocean current fins 

ra, 535.— The drifting of 8 wreck from been, knows | foram 

Se Oe rma arcane; toe, tniloedt Catan 

cansed she wrek to leave 14 gers! noticed then along: the 

toniraa Lu the ocean drift. ‘American coast / aii tes 
jamin Franklin atudied them and considered them the result of 
steadily blowing winds, 1t is now known that there are cur- 
rents slowly sweeping through each of the oceans (Big. 338), 








Differences in tempersture of the ocean water aceount for 
the settling of water in cold regions and its cireulation 
wlong the sea bottom (p, 18+). But it does not seem an 
adequate explanation for the surface currents. 
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‘The explanation that best accounts for surface currents is 
the effect of steadily blowing winds, as suggested by Franklin. 
By blowing on a pan of water with sawdust floating in it, 
a drift of water is seen to start; in like manner, winds blow- 
ing over lakes or ocean start a similar drift of surface water. 
Such wind-drift currents continue to more for some time 
after the wind dies down, 

Acomparison of the ocean- 
current chart (Fig. 338) and 
the wind chart (Fig. 408) 
shows that there is a close 
resemblance between the 
direction of ocean currents 
and regular winds, We will 
study the currents of the 
Atlantic Ovean to see how 
close this relutionship is. 

Jn the equatorial region 
there is a drift? of water, 
the Equatorial Drift, toward 
the South American coast. 
At the angle of South Amer- ea 
ien it divides, the smaller Fro, 9% —The Gulf Stream. 
portion going into the South 
Atlantic, the larger into the North Atlantic. This Equato- 
rial Drift js exactly what we would expect to fod, for the 
northeast and southeast trude winds blow steadily day afver 
day, drifting the water westward before them, 

After dividing on the coust of South America, the drift 
follows tho coast for a while, then slowly swings to the right 
in the northern hemisphere, and to the left in the southern.2 

4 A slow current may be called a drift, a more rapld current a stream. 

# This swinging iv cansed by tho effect of the earth's rotation, which 
deflocts all moving bodies, whother wind or water currenta, from a atenight 


coume. In the northern henilsphere the moving body is tarned to the right, 
in the southern hemisphere to che loft 













ee 


Pu. 397.—Diagram to show the currents of the 
‘astern North Atlantio. Figuren toll rate of 
movoinent tn miles per hour. that oir 


no 
of the West Indies, This portion mee too 
@ part of the Equatorial Drift, 

‘A smaller portion of the Gulf Stream water, a 
the North Atlantic Eddy, drifts om into the 
west winds, which drive it on toward the const 
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Enrope, as the West Wind Drift, Thus water, warmed in 
the equatorial region, the Caribbean Sea, and the Gulf of 
Mexico, is carried to the European const, and even into the 
Arctic. There is no similar stream in the South Atlantic, 
because there are no partly closed seas for the drift to enter, 


Study the currents of the Pucific to seo if the same great eddies 
are found there. Notice that in the Southern Ocean, where there 
are no continents to turn the curronts, the Woat Wind Drift ex- 
tends completely around the globe. 

Besides these eddies, thore are special currents, one of which, the 
Labrador Current, is of great importance to America, This is a 
cold enrrent, descending from among the islands of the Aretic 
along the Labrador, Newfoundland, and New England coasts (Fig. 
337), It keops clove to the American shores, being turned to the 
right by the influence of rotation. Thus, while warm water is 
drifted toward Europe, cold water flows down the American coast 
as far south as Cape Cod, where it disappears by settling and 
mingling with the warm water. 


Summary. — Whe surfiwe currents are due ta the drifting of water 
before steadily blowing winds. In each ocean there are grevt eddies, 
atartedt by the trade winds, which cause an Equatorial Drift toward 
the west. This, dividing on the continents, follows the coast north- 
ward aud southward for a while; then it ix turneil, by the effect of 
rotation, to the vight in the northern hemisphere and to the left in the 
southern. Thus an eddy te caused in each ocean, both north anit 
south of the equator. A part af the North Equatorial Drift enters 
the Gulf of Mexico and emerges ax the warm Gulf Stream, « par- 
ton of which foins the eddy of the North Atlantic. A portion of the 
aatly, and of he Gulf Stroam, is drifted by the west winds to the Buro~ 
pean coast, anderen into the Arctic. In the southern hemisphere the 
West Wind Drift extends around the earth. The cold Labratlor 
Current aweeps down the American coast from the Arctic, and, being 
turned to the right, is forced to hug the coast till it sinks, 


187. Effects of Ocean Currents. —Tho most important, ¢f- 
fect of ocean currents is on climate (p. 278). For instance, 
° 





hig mall ships among the 
const of South America, © 


‘important in caustng 
cant icebergs, and bearing uxygen and food for 


piled up in ridges of pack dee often 50 or 100 f 

‘one Arctic ship has been crashed like an 

moving ice fields, ' 
Nansen, Abruzzi, and Peary have all tried 

Pole veer this frowen sea; but the many 

surface of the ice packs, have proved such barrie 

that no one has yet succeeded in reaching the po 
In summer tue ice breaks up, and the f 

ward till they melt. Each spring and early 


Icebergs, 
‘northern islands (p. 145), also drift in the Aretie 
They are huge floating islands of ice, sometimes: 
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100 feet above the water. aah peedre re oso 
seven parts below water to one above, some Of these berys extend 
700 or 800 foot beneath the surface. They frequently run aground 
(Figy 267), other breaking to pieces by the sheek, or remaining 
melting allows them to foat away. So huge ure these 
bongs that, before melting entirely, they may travel 1000 or 2000 
even down to the path followed by ocean liners ‘They 
aré much dreaded, for even the largest ship inay be destroyed by 
robe into one. 

Far greater icebergs are discharged from the Antaretic iva sheet, 
some of them rising G0 foot above the water and, consnquently, 
measuring three quarters of a mile from base to top. They bave 
stoop sides and flat tops, and are sometimes sever] miles long. 

Summary. — The Arctic sea-ice, formed in winter, breaks up in 
summer, some of it drifting southwart in the Labrador current. 
Huge icebergs, discharged from the Grecnlant ica sheet, drift in the 
Araic, and still larger ones in the Antaretic. 


a LIFE IN THE OCEAN. 


139. Surface (Pelagic) Life. —Tho abundance of life in 
the ocean is marvelous. A pail of water dipped from 
the surface will contain thousands of individuals, mostly 
microseopic. These organisms aro drifted about by winds 
and currents, and with them are many larger forms, some 
merely floating, some swimming. Pieces of floating wood 
have animals attached to them; and in the floating seaweod, 
many animals live in little worlds of their own. 

The minute orgunisms are the source of food for many 
larger animals, even for the hugo whales. Swimming with ita 
mouth open, the whale strains the water to obtain its food, and 
o- ‘tho largest: of animals foods upon the smallest. 

the many fiches are aome, like the mackerel, which 
BE = 5) le for food supply. For protection, the mackerel 
and some other fishes swim together in vast numbers, forming 
“schools” or “ shoals.” 
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‘Summary. —Life is very alundant én the surface 
Targe and microscopic forms being present, the latter 
Sood supply for even the largest of animals, the whale. 

140. Life along Coasts (Littoral). — Along the 
there is also abundant animal life; but it is more 
than in the open ocean, because the coast offers so_ 
different conditions. Some of the littoral animals 
the surf; others cling to the rocky coast; and 
row in the sandor mad. Many kinds, such as clan 
lobsters, and « Jarge number of fishes, are valuable 
others, such ay sponges, precious corals, and pearls, 
vulue for other purposes. 

Plants, as well as animals, abound on the seacoast. This i 
trae in the mangrove swamps of the tropical zone 
the salt toarshos af the temperate zones (Fig. 378); itis also tree 

















Fie, 41. —A Glonvester fishing schooner anchored on 
the Fishing Banks. 


Other conditions are very favorable, especially the presenes” 
food-bringing currents. Few parts of the oarth have sue 
abundance and variety of animal life aa the coral reefs (Fig. 


which are bathed by warm ocean currents. 
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‘The influence of food-bringing currents is felt on those shallow 
banks, known as zishing banks, whore large numbers of food fish 
live, ‘This is well illustrated on the fishing banks off northeastern 
America, such as Georges and the Grand Banks of Newfoundland, 
which are bathed by the Labrador current. These are retorted. 
to for cod, haddock, and halibut by fishing vessels from France, 
Newfoundland, Nova Scotia, and many New England ports, espe- 
cially Gloucester, Mass. From a passing ocean liner, the schooners 
may be seen at anchor in the open ocean (Fig. 341), the men busily 
fishing, ether from the sides of the vessel or from small, open dories, 
It is a hazardous calling, and many a fishing vessel has beon aunk 
during the fierce storins, or crushed by the huge transatlantic liners. 
Every year, also, men in dories are separated from their vessels dur- 
ing fogs, which are frequent on the banks. ‘They then drift about 
in the open occas, often until they starve, or fever, or founder. 


Summary. — Animal life along the coast is abundant and varies ; 
thern is also much plant life.  Food-brinying currents especially 
Savor life, as ix Uustrated on coral reafs and faking banks, from 
‘which waluable food sish ave obtained. : 


Ml. Life on the Ocean Bottom (Abyssal) — Absence of suri- 
light prevents the existence of plant life in the deep sea;*but, 
even at depths of two or three tiles, there are animals on'tlie 
ocean bottom (p. 174). These anitnale live in darkucas, in 
water almost at the 
freezing point, and 
under a pressureof 
many tons. 


‘The conditions on 
the ocean bottom Poa. 32. — \ deepsea fish 
are very uniform: 
summer and winter are alike; day and night are dark; every- 
where it is cold; and the sea floor is a movotonous expanse of 
‘oom or clay. The nature of animal life varies with the depth 
because of differences in temperature; and whore the water is very 
cold, animals are scarce and have little vitality. The supply of 
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and the supply 
settles dewen to the: 
organisms at the 
and slowly sink, also Linsit 
abyssal life, . 


deep sea. Some of them, like 
the stalked crinoids (Fig. 843), 


been able to sarelvey as im au 
asylum, whilethose whieh were 
out in the world, and exposed, 
Fi H3.—Adalke! criwid om tn to the struggle tae goes an 

Cong he there, have beon exterminated. 


Summary.— There in wonderful uniformity of comditious é the 
deep sea, in which antmats, but no planta, tive. ‘The atranidiamee sama 
Wistribulion of animat life are inftuenout matnly by tempperatary, 
oxyyen supply, anil food supply. 




















st Ooriixe, Questions, axp SuoGestion, 


Torcan Ourcisn. 4. Oceanography. — Definition ¢ 
pelitions; cables; sounding; water samples; ocean-bottom sui 
perture; dredging. 

125, Ocean Basins. —General condition ; deep-sea plains; deepa; eleva 
tions; Atlantic, — deepest point, voloanoes, nid-Atlantio. 5 Trcliic, 
—yvoleanie chains, decpest point, othor deeps; Arotiey Sout Oo 

128, Deporits on the Ocean Bottom,—(A) Mock fragments: mourn; 
deposit; fomils. (B) Ceean-bottom vores: alvscnce of rock wastes jres 
of 002); materials in coz ; source of organtams; globigerina ocen; plane 
pod oone; diatom oore. (C) He! clay » solution of shells; insoluble parts; 
red color; slowness of accumulation: proofs. 
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27. Land and Ocean-bottom Topography.—Mountain folding and 
voleanie action; ¢roxion ; sediment ; result of differenors. 

128, Surface of the Sea,— Sea level; effect of continents; of winds 
and atorms; of depoxit of sediment of a 





saltuess; proportion of salt; other rainoral substances; amount of malty 

importance; carbonate of lime; pressnos of air; iraportanicn. 

Density and Pressure of Sea Water.—(a) Density: average 
y} elfect of freah water; of evaporation. (b) Premure: amounts 

reason for no effect on animals; animals brought to the surface; density 

‘of oveanbotton water. 

131. Color and Light.— (a) Color; entranes of sunlight; blue colors 
green color; Yellow River; Red Sen. (4) Light: darknes of ocean 
bottom ; blind fish; phosphorescence on ocean bottom; at the surface. 

132. ‘Temperature of the Oceans,—From tropical to frigid zonen3 
inclosed sens y beret downward; ocean bottom ; esoling of fresh and 
sll water; ef effect on animals; inclosed sea bottoms 

133, Wind arm Coures noturé of movement; heights rests 
troughs whitecaps; rate of movement; effects on veswls; nse. of oil} 
rollers; breakers; undertow; movement of rock fraginents, 

134. Other Waves. —Karthquake waves —cause, size, effects, ovewr- 
Tener, dinanor of travel; iceberg wavs 

135, Tides. —(a) Nature of tides: time of pascage; tidal ranges 
increase on coast; movement in open ceean; currents on coast; Now 
ebb. () Thfluence of coast: ordinary range; effoct of Veshaped bays 
of brondening bays; Mediterranean; maces} oxi b 
once of moon's phaser: spring tides; neap tide 
moon, (7) Effects of tides > on deposit of strata. 
on elreulation of water In harbors; on navigation. 

126. Ovean Currents. — Early knowledge ; effect of temperature diffor= 
ences; of ateadly winds; resemblance between winds nnd ourrents; adrift 
aatream; Equatorial Drift; effect af continents; effect of rotation; Sar 
gaso Sea; Gulf Stream; North Atiantio Eddy; West Wind Drift; 
Pacific eddies; West Wind Drift of Southern Ocean; Labrador Current; 
compare European and Amwrican const. 

Jaz, Kifects of Ocean Currents. —Cliraate ; Nousen's journey ; effect 
‘on navigation; fog; lee; oxygen aud fool. 

133. Ice in the Ocean, — (a) Sea ice: depth; Tends: pnek foe; travel 
over the ice} icetloes. (0) loeberga: souree; atze; grounding: distance 
scorelate ‘Antatetic bergs. 

40. Surface (Pelagic) Life.— Abundance; modus of life; whules; 






















oposite in harbors 
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140. Life along Coasts (Littoral).— Varlod conditions; valuable ani- 
mals; plant life; unfavorable conditions; favorable conditions; fishing 
banks, — location, food fish, fishing, dangers. 

141. Life on the Ocean Bottom (Abyssal).— Plants; animale; ear 
roundings; temperature ; oxygen; food; surviral of types. 

Questions. — 123. Tn whiat ways is the ocean of importance? 

124. What is ooanography? What expeditions have been 
in decpsca exploration? How is the depth of the sea learned? t 
facts are learned during » sounding? How is drudging cxrried on? 

125, What is the condition of the ocean bottom? What a 
occur? What irregularities are found in the Atlantic? In the Pacific? 
What is known of the Arctic and Southern oceans? 

126, (A) Whats the nature of the deposit near the const? (BY 
in ocae deponited far from land? Of what is iteomposed? (C) What ie 
the origin of red clay? Prove that it is forming slowly. 

Why arv land and ccoun-bottom topography different? 

128, What is sea level? How is thik level changed? 

29. What is the origin of the mineral substances In sea qater? 
What mineral sabetances are thore? How much salt is there? OF 
‘what importance is the carbonate of lime? The air 

190, What caumes water to vary in density’ What is the prmasare ox 
the ocean bottom? Why do not animals feel it? What would be the 
condition if the ocean-bottom water wore compressed like the air? 

131. What canws ar there for the differmt colors of the oom? 
What light fs thore on the oconn bottom ? 

182. What causes differences in temperature of the eceamauriace 
waters? What are the temperature conditions below the surfage? 
4s the bottom temperature lower than that in lnkes? What is the eanse 
of the slow ciroulation? What proof ia there of it? 

18, What causes waves? What is the real movement of the water? 
What causes whitecays? How high may waves be? How fast smay 
y move? What damage may they do to ships? How may this dan 
ger be lessened ? What is the cause of rollers? What causes breakers! 
What is undertow? How are rock fragments earried away? 

164, What causes earthquake waves? Whatare some of thelr effeota? 
What other causes are there for waves? 

185, To whut height does the tidal wave rise? Under what comdh 
tions are tidal currents formed? What is flow? Ebb? What 
as tides enter narrowing bays? Where they enter broadening: bays? 
Give an illustration. What causs tidal races? Give illustrations 
What ia the bore? What reasons aro there for connecting tides with Ube 
moon? Name some important effects of tides, 
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186. What corly knowledgo of occan currents was there? What offect 
have differwnces in temperature on ocean moverneuta? What effect has 
‘the wind? Desoribe the system of currents in the Atk Oven, and 
show how it is related to winds. Desoribe and explain the Gulf Stream. 
What is the Sargasso Sen? What currents are found in the Pacific? 
‘Other oceans (Fig. 838)? Deseribe the Labrador Current. 

187. Namo tho important effects of oovan currnts, 

18. What are the charnoteristion of sea ice? Describe the icebergs 
of the Arctic. Of the Antarctic. 

189. What are the conditions of pelagio life? 

140. How do the conditions surrounding littoral life vary? Tm what 
situations are Tittoral plants found? What conditions oppose littoral 
life? What conditions favor it? Why are fishing banks the home of 
food fis? What dangers accompany thn fishing? 

141. What conditions influence life on the ocean bottom ? 

Svoaestioxs.— (1) Prove that salt water x moro deuse than fresh, by 
putting shot in» bottle until it will barely sink in fresh water, taking 
‘eure to cork it; then dissolve salt in the water and again pat the bottle in 
ft. (2) Cut acube of ico and plaoo it in fresh water. Measure the 
amount above and below water. Place it In salt water and measure 
again, What is the result? (3) Tn a large pan, or tub, of water place a 
bottle, partly submerged. Start waves by blowing onane ond, Note haw 
thy travel beyond their source. Note the movements of the bottle ax 
the waves pas under it. Have the students desoribo its movernents. At 
one end of the pan make ashelving beach of sand, with a cliff nt one end, 
Obseres and describe the action of the waves aa they approach the shore. 
‘What differencesare there in the behavior of the waves on the beach and 
on tho cliff? Aro fragmenta removed? Wherodo they go? Mako waves 
that advance dingonally on the shore and observe the morement of the 
fragments, To seo this clearly, place at one point some colored objects, 
Hike bits of colored glass, and noto how they move, (4) In the pon build 
‘a coast, roughly, like that of North and South America, Sprinkle saw+ 
dast on the water and blow over its surface from both sides of x line 
(ths equator), to imitato the trade winds appronshing the equator. 
Watch thy drift of water. Do you seo any resemblaner to the ocean 
current systems of the Atlantic? (5) Take the temperature at the 
bottom of the pan near the middie line, then place ice in the water as far 
away from the middle ax possible. He caroful not to stir the water. 
After the ice has melted, again take the temperature under the middle 
Fine. What ia tho difference? It would be possible also to imitate the 
‘conditions in the Golf of Mexico (p. 164), (8) If the achool is by the 
‘#02, oF even neat # lake or pond, waves and wind-formod curreue SuowkA, 
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destudied. Note their force, form, and effects, (7) Tf by the seashore, 
the tides should be studied. Observe time of low and high tides for 
threo successive days. ‘These facts may he obtained from an almanac, 
or better, from the Tide Tables published by the U. S. Coast Survey at 
Washington, the tables for the year, for the Atlantic (15 cents) and Ps 
cific (10 cents) cousts. Ohserve the time of spring and neap tides. How do~ 
they compare with the phases of the moon? What isthe range of the tida 
ineach case? Are there any tidal currents near at hand? Are the titles 
of any importance in your harbor? That is, do they do any harm or 
good? (8) On crosssvotion paper, plot a curve to represeut the high 
and low tide for a month (obtaining the facts from the Tide Tables), 
Let each of twelve students do a different month and then paste them 
all together. Above the curves indicate each quarter of the moon. 
Have the students stuily these to sce how closely the phases of the moon 
coincide with variations in range of the tide. Let the vertical side of 
each square repréwnt a foot of tidal rise, and the horizontal side, three 
hours of time. (9) On an outline map of the world sketch the oceay 
currents from thé chart in the book (Fig. #8). 
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CHAPTER XI. 
SHORE LINES. 


142. Importance of Shore Lines.—Some of the busiest 
centers of human industry are located on or near the sea- 
coast. The great and increasing trade that uses the ocean 
as a highway converges toward these centers; and to and 
from them, by river, canal, and railway, there is a steady 
movement of goods for shipment or for distribution. 

So important is the coast line that charts have been made 
of all parts of it that are reached by the vessels of commerce. 
Governments maintain bureaus, like the United States Coast 
Survey, whose duty it is to map the coast, to determine by 
accurate soundings the depth of water, and to detect and 
record all changes, such as shifting of channels, which might 
endanger ships. In addition, our government annually 
spends large sums of money for the improvement of har- 
bors. This money is used in building breakwaters where 
no natural harbors exist ; in dredging out the sand and mud 
that waves and currents deposit ; and in building jetties and 
other structures to control the deposits of sediment and 
keep channels clear. 


‘The approach to the coast, especially in times of storm and 
fog, is accompanied by so many dangers—from hidden reefs, 
islands, and projecting headlands—that all civilized nations 
spend large sums in the effort to lessen these perils. To warn 
sailors, or to guide them into port, lighthouses are built on exposed 
points and lightships anchored on dangerous shoals; and, on the 
charts, the location and characteristics of these lights are shown. 
On approaching the coast at night, the first sign of land is the 
gleam of the lighthouse; and by the color, brilliancy, nature of 
208 





rents are vigorously at work, wearing away the land { 
and moving rock fragments to places of deposit; au 
are ever pouring sediment into the sea. Along 
the waves are cutting back the cliffs (Fig. 844). 
of one or two feet a year (Fig. 358), as on 
of Cape Cod and Martha’s Vineyard. Tn other pl 
is building ont the const, especially near 4 
(Pig. 345). Pisa, in the Middle Ages a 
several miles inland on the delta of the Arno, 
now the seaport for that region. 

Change in level of the land (p. 85), even tl 
in amount, produces a difference in the form of 
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A slight elevation brings cliffs, beaches, and sea-bottom 
plains (p. 72) above the reach of the waves; a slight 
depression, allowing the sea to enter the valleys, entirely 
alters the outline of the coast. An clevation or depression 
that in the interior would pass unnoticed, causes such changes 
in the seacoast that it cannot escape attention. 

Since waves are ever at work, since deposits of sediment 
are always being made, and since the earth's crust is cone 
stantly rising or falling, any study of coast lines must be 
largely concerned with the effects of such changes. 


Summary, — The coast (e being out back by the waves in some 
places, and built out dy deposits in othere; and many changes are 
‘made by rising or sinking af the land. 


M44 Elevated Sea-bottom Coasts. —The uplift of sea bot- 
toms, forming coastal plains (p. 72), produces a low, flat, 
straight coust line, not generally fitted for dense settlement. 
Such coasts are found in southern United States, Yucatan, 
eastern Central America, and Argentina. The land back of 
the const is often so level that it is swampy, unhealthful, and 
unfitted for agriculture. 


Tn tropical Janda, as in Central America and Africa, auch plains 
are tho seat of deadly malaria, Being made of soft, unconsoli- 
dated deposits of clay, sand, and gravel, the soil is often so sterile 
as to be unsuited to cultivation. Where the soil is fertile and mot 
too damp, however, the lovel plains make excollent agricultwesl 
Jand; but the lack of good harbors iv a handicap to devel- 

Good harbors are rare, chiefly because the contact 
of the sen with a level plain makes a straight coast with fow 
irregularities. 

If a slight sinking occurs, as haa been the case in southern 
United States, the nters the valleys, forming bays and hare 
Bors; but the harbors are likely to be poor, because the valleys 
of n coastal plain are shallow. Moreover, the waves and current, 
working with loose rock fragments, quickly build sand bars, which 
skirt the eoust, inclosing shallow lagoons, and even extending 





directly ont of the sea, Where the 


ocean in long chains of folds, tay precio ‘ste 


regular coast line. 

Such a coust exists in western America, 
central Chile (Fig. 846), Mong this e 
harbors, bays, capes, and peninsulas. 
mountains rise directly from the se: 
margin of a narrow coastal plain (F 
tom slopes rapidly, and, in a short d 
the water is 15,000 or 20,000 foot deep ( 


This eoust has been recently elevated, 
still rising, Both in 1822 and 1835 a p 
was suddenly raised 2 or 3 feat; 

‘the mountain slopes prove other recent 

For several reagons, auch coasts are not 

tions and high development of industries. | 

















Fi, 34. —Islaod of Heligoland, in thw 
‘North Sea, ‘The outer line represents 
it in the yrar 869, when its cireumfer- 
‘ence was 120 miles; lange shaded area, 
in 1:80), chroumterence rel aced by wave 
‘erodion to 43 miles; loner sheuled aren 
tn 1648, clroumforeitee only $ miles. 





tho, 44. —Tho straight, mountainous coast of 
‘western South America, 






river Mi 


* wont “meander is derived). 


Yu. MT. — An old pump om tho const 
of Ireland, showing how the waves 
Dave Tk WmTRy Ym Yaa " 











straight coasts, aa, in western America. ‘The weattered harbory, the 
narrow area of level land, and the mountain bacrier render sack | 
coasts unsuited 10 dense settlement or high development of industria. 


146, Irregular Mountainous Coasts. — Mountain growth 
makes irregular coasts more commonly than straight ones. 
Irregular coasts result (1) when mountains rise as chains 
of islands near continents, as in the case of the West Indies, 
East Indies, Philippines, and Japanese Islands; (2) when 
the ranges extend ont from the mainland as peninsulas, a3 
in the case of Italy, Greece, Alaska, and the Malay Penin- 
sula; and (8) when, between mountain ranges, parte of the 
crust sink, thus admitting the ocean and forming galls or 
seas, like the Gulf of California and the Mediternuean, 


‘The Mediterranean is a broad, deep depression (over 14,000 
feet ain deg) between the monntaina of Europe and Africa It 
is almost cnt off from the ocean where the Atlas Mountains of 
Africa nearly meet the mountains of Spain at the Straits of 
Gibraltar; it is almost connected with the ccean at the low 
pepe eed Its coast line is very irregular, because there are 

pets mountain chains, extending in different directions, 
the peninéulis of Tunis, Italy, Greece, and Asia 
‘Minor, besides many smaller projections; and also chains of 
ish among which Gyprus, Crete, Sicily, the Balearic I 
Sa Conia Corsica and ‘scart the largest. T! s ‘The mountain ebain 
aint extending through Sicily, and along a submarine ridge to 
peninsula, almost cuts the Mediterranean im two, 


‘Many other large seas, such as the Caribbean Sea, Gulf of 

Bae seer Bs Chine Sea, and Red Sea, are partly in- 

- mountain uplifis. Still smaller seas, bayss ancl 

peg have been made by the-uplift of mountaindus 

islands as. Where there huy been a later sinks 

ing, as in Greece, the entrance of the sea info the mouny 
tain valleys bas made many small bays and deup harbors. 


a portion of it and makes the coast li 

for the valleys are then transformed to bays, 

aries. Sinking of the land has made San 

(Big. 950); =: has made Massachusetts Ba 

‘and the other bays and harbors of New E 

drowned the lower Hudson (Fig. 851). 
When the hills of a drowned land haye 


are formed (Fig. 853), like the British Isles, 
and the thousands of islands in northeastern: 
northwestern America. Where there has i 
mergence enough to completely surround the 
are produced, like Scandinavia, Denmark, No 
innumerable capes and promontorivs (Fig. 354) 
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Hid, GH. — A sketch map of a part of the drowned coast of Maine, 
distance straight along the coast, Measure it along tho eremtar lrreg 


‘Way, or chasm, which the wayos have ent fa 
‘of Boston, Hore a narrow dike of teap rock 
middle of the pleture) crosses the more reststant geaulte, 
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‘The outline of & sunken coast depends pon the natare of the 
valleys that existed on the land before it was submerged. Grand 
fiords, with wonderful scenery, are formed whore the sea has 
entered the deep, steop-sided, moantain vulleys of Norway (Figs. 

2, 346) and Alaska. ‘These Gord valleys were first cut 
by streams, then 
broadened and deep- 
ened by glacial ero- 
sion The Hudson 
ia a fiord, and so ia 
the Saguenay in 
Cana 

Most fiord coasts, 
like that of Nor 
way, aro too steep 
and rugged for 
much settlement. 
‘The villages are 
usually on small 


often the only com- 
mianication between them is by water, Svoh conditions account 
for the development of that race of hardy sailors, the Norxemon. 
‘The coast south of New York is strikingly different from the 
coast farther nerth, ‘This difference is due to the fact that 
a gion of soft rock and plains, crossed by broad valleys 
fgently sloping sides, The untrance of the sea into these haus 
i brond, shallow bays with gently rising margins, as in 
Chesapoake, and Mobile bays. Along such coasts 
gation by land 4 eazy and agriculture thrives, 
pe are several reasons why moderately low, irregular coasts, 
‘these of the Middle States, New England, and England, 
sfavorble to settlement and development. There is an 
nee of harbors, —in fact, a3 in Maine (Fig. 354), often far 
Sint Saat ute ‘nweded. (2) The irregularity makes a very long 
ccast line for fishing and navigation. (3) There are protected 
bays and sonnds for fishing and navigation. (4) Sinking of the 
land opens up waterways to the interior. The Columbia, Hud- 
> 
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Fi. 357. — A vrvecut chasm {n the rocks ot the Maine const, 


Tha, 154 — A wavo-cut ollff In the slay on the shoro of Lake O 
Is Doing out backward at the este of about two feat a: 
Ving, 1709 are undermined and caused ts slide down the: 





cut on the Mainecoast, ‘Tlie da 
mr 


screa in fret Is the seaweed 
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Fin. M0. —A rock cliff on the Maine const, showing how the waves somotiies 
uundecout, causing the hard rove toorerhang. “The dark area {n the fore- 
‘ground i the sonweed mat, eovered at high tido, 





¥ap, 363. —A cliff in ghueial deposit on the Museachusetts goast, ‘The waves 
‘bays not boen able to remove the large howlders that were in cha deposit, 
‘and they, therofore, remain as an offshore platform, ahawiuy tas. Sie Wud, 
‘ance extern out 40 far " 
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irregular coast, wo may be cortain that the shore lina not atood 
long cnough ot that level for the wayes and ‘currents to 
straighten it, This work of straightening coast lines is done 
in two ways— (1) by catting back the headlands and (2) by 
closing up and filling the indentations. 7 


Summary, — Waves and currents are attacking the headlantie and 
moving the fragments either offshore or along the coast, in the latter 
case building beaches and bars. The result of thia work ia to 
straighten the coust. 

149. Sea Cliffs. —Where wave work is eigarotie as on 
headlands and on exposed island coasts, the waves are saw- 
ing into the land (Figs. 344, 347). ‘The zone of most active 
wave work is almost exactly at the sea level; though the 
spray may dash to a height of 50 ar 100 feet. The advane- 
ing breakers hurl against the cliffs tons of water, bearing sand, 

pebbles, and even bowlders. ‘They act like battering’tuns, 
tating ‘the cliffs along the surf line. (Fig. 360), and 

undermining the rock so that it falls and keeps the 


sie rea rock, sea cliffs are very steep (Fig. 362), 
though weathering, aided by the salt oy usually prevents 
them from becoming vertical. If made of clay or sand, the 
cliffs are steeply inclined and constantly sliding down (Figs. 
858, 861, 367). On exposed coasts, sea cliffs may rise several 
hundred feet: but gunerally they are much lowor, 
is in which the rocks have uniform texture may be straight 
airy but if the strata vary, the waves discover the differ. 
ind make the shore irregular. ‘Then chavms (Pigs, 355, 357) 
caves (Wig. 369) are cut in the cliffs along the weaker 
strata, ‘These irregularities cannot be cut very far back into the 
ee breadth, because the forco’of the waves 

‘worn out on the sides and bottom. For this reason, waves 
conot cafry out large bays. 

Sea cliffs may be cut back for hundreds of feet, leaving a plate 
form of rock (Figs. 361, 362) which the waves continue to plane 












Wea. 95}.—A bowlder pockot-beach on the exposed coast of Cape Ann, Mass. 








Fig. W4.— A pebble beach on the coast of Cape Ann, Mass. Notice how round 
the pebbles are, High Waves reach elear to the top of the beach. 








Fro. 005, —A sand beach, with sand dunes piled upon the landward side by the 
sotion of the winds, 
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$73). If there is much droinage bart cacy 
an opening through the bar will be maintained (Fig. 870); 
but if not, a bar may completely seal a bay (Fig. 878), A 
fresh-water pond 


Fro. 373.—A portion of the south shore 
ample, the waves Vi ‘how tho growth of 


are vigorously [arse i ee 
iaentaakite ‘the bays and changing ‘te ponds. 


wearing 

high cliffs (Fig. 367) at Highland Light, Cape Cod, and 
building bars out of the sand (Fig. 875). In the same way 
Sandy Hook (Fig. $68) haa been built of débrie worn from 
the clifis of the New Jersey shore. 


Such bars may be straight, or they may be curved at one end, 
forming hooks (Fig. 374), like Sandy Hook (Pig. 368) and the 
eurted end of Cape Cod (Fig. 875). In some places, often at 
bends in the shore, waves and currents from opposite directions 
drive pebbles or gand out intothe water, building small pointe, or 
spits, Bars sometimes form an angle projecting seaward, making 
n cusp, like Capes Hattaras, Fear, Lookout, and Canaveral. Other 
bars are often built in the lee of islands (Fig. 369). 


Summary. — [ook fragmenta, drifted along the coast, build beaches 
in pockets, Bars across bays, long bare where targe quantities of sant 
are mpplied; also hooks, spits, and cusps. The material varies 
From bovwlders to sand, muck of the fine clay going into the bays. 
‘The beaches are mills in which rock fragments are ground wp 


Fw. ~ 4 hook tn one of the Bras d'Or Lakes (realiy au arm of Use sem) to Capt 
Breton Island, Nova Sootta. It ls made of pebtiles driven out into the water 
Dy the waver. 












151. Offshore Bars. — From New Jersey to the Rio Grande 
roost of the coast is faced by bars at some distance from the 
mainland, from which they are separated by shallow | 
(Fig. 372). One of the longest of these bars extends glom 
the ‘Texas coast from the mouth of the Rio Grande (Fig, 812). 
River water enters the lagoons, some of it seeping through the 
bar, the nemainder escaping through gaps that the outflowing 
and incoming tide are able to keep open, ‘Che 
sand along the shore constantly threatens to close these chas- 
nels; and for this reason, where the channels are used af 
harbor entrances, us at Galveston, it is necessary to build 
jotties to keep the entrance deop enough for large ships. 


Such offshore bars, or barrier beaches, are thrown up whem 
wares advance over a shallow bottom of unconsolidated sell 
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bars are, sMabltable, all, 
that they are inhabited ptiileg, a 
bars, Like the: 


some " 
where thé long-fibered 
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Arifted about in the building of sand bara 
often makes dangerous shoals, ‘The shifting sands south of Cape 
Cod, and those near Sandy Hook, are obstacles to safe navigue 
tion; and, on the shoals nt the end of Cape Hatteras, many 
shipa have been wrecked. 


Summary, — Where the waves break on shallow sea bottoms the 
zand ix pushed up into ridges, or offshore burs, which are raised still 
higher by the wind. Suck bars, inelosing lagoons, are found along 
much of the coast from New Jersey to the Rio Grane. 


152. Sand Dunes of the Seacoast. —On beaches, as in des- 
certs (p. 88), there is dry sand, which the wind drifts about, 
often piling it up in low hills and ridges, or sand dunes, along 

| the aopper edge of the beach (Fig. 365). Sand dunes are ex- 

\\ coedingly irregular (Fig. 877), and their form is ever chang- 
ing. Between the dune hills are basins, in which, however, 
there is rarély any water, because the bottom is so porous. 


The movement of sand inland, doing much damage, is same- 
times made possible by the removal of a forest, which gives 
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full eweep to the wind. The removal of a forest back of Coffin’s 
Beach on Cape Ann, Mass, over a century ago, permitted the 
sand to move inland and destroy a farm. Dunes in France hare 
moved inland two or three miles, destroying farms and villages 
to such an extent that the French government has taken up the 
problem of how to stop their further advance, ‘This is being 
done by planting trees behind the dunes, and setting out such 
plants as will grow in the sterilo, sandy soil. 

A sunddune region is difficult to cross on account of the loose 
‘sand, and of little use to man because the soil in so sterile, Hat 
in the Netherlands the sand dunes protect the low plains from 
submergence. The waves are consuming this coast, having out 
it back two miles in historic times. As the waves consume the 
beach the row of dunes behind the beach is slowly pushed 
inland. 


Summary.— Along many coasts irregular sand hills, or dewes 
ure built up by the wind, and their anvance inland has in some eves 
caused the destruction of much property, In the Netherlands the 
vand dunes act as a barrier, protecting the low plains from the waves. 


153, Salt Marshes. —Sodiment deposited in estuaries, in 
lagoons behind sand bars (Fig. 372), and in other 
arma of the sea, is slowly filling them, Salt-water plants that 
flourish in these places, such as the eel grasa and salt-marsh 
grasses, nid in the filling, Their aid consists partly in add- 
ing their own remains, partly in checking the currents, thus 
causing them to drop some of the sediment they carry. 

In time, the deposit of sediment and plant remains reaches 
to the level of high tide, forming a salt-marah plain 
which extend channols that the tide occupies (Figs. 872, 878). 
When, by wash from the land, the plain is built higher than 
the highest spring tides reach, dry-land plants take the place 
of the snlt-mursh plants. By this process, nnture is énguged 
in reclaiming much land from the sea. 


Salt marshes are of little value, though a coarse rast, used at 
bedding for horses, ia cut from them, Where dikes have been 
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Fi; 375. —A view ou the offshore bar of ove of this Ses 


Fro. 377. — Sand dunes on the offshore bar of the New de 
‘Dill fo the foreground is protected from removal by ® 
dmeberrlesd which buve taken root there 





Pia. 57%—A salt marth plaln tn an cotuars at Cape Ann, Mass. Yiow taken 


WC Nadie to show the ehwnnel-wasy filed with water, Traring high tide 
‘the entire plato Ie submerged boneath the sal: water. 





Pig. 379. — A mangrove swamp on the Floridn coast. Notioo the tangle made by 
the mots of use mangrove, some of theen descending frown the Habs. 
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built to exclude tho sea, and the land drained, ealt marshes make 
excellent farm land. Much of the fertile lowland of England, a 
large part of the Netherlands, and the beautifal Evangeline coun- 
try of Nova Scotia are diked marsh land. In the United States 
little has been dono to reclaim salt marsh, because we have had 
enough land without it. But the time cannot be far distant when 
the exteasive salt marshes near New York and Boston will repay 
diking. Boston is partly built on salt marsh that has beon changed 
toidry laod by filling with earth removed from neighboring hill 


Summary.—Jn protected bays nd lagoons, sediment antl the 
of salt-water plants build up sultenarsh plains. In places 
been veclaimed by dikes or by filling. 


. Mangrove Swamps.— Mangrove trees grow in protected 
on the coasts of warm countries, such as the Philippines, 
jada Lalands, and southern Florida, The mangrove tree (Fig. 

firmly anchored by roote that descend from tho branches, 

‘an almost impenetrable jungle, or mangrove swamp, 


In warm countries the salt marsh ia replaced by the 
able jungle of the mangrove swamp. 


‘Coral Reefs. — On some warm coasts animal life is so 
that the shore is made entirely of animal remains. 
é animals, corals are the most important. Reef- 
ng corals thrive only in depths less than 150 feet, where 
¢ is little sediment, little fresh water from the land, 
enrrenta bringing abundant food, and a temperature never 
below 70°. 


Coral is made by lowly animals, of which there are many 
species, varying in size from almost microscopic to individuals 
several inches in diameter. Some species live singly, but most 
unite in colonies, together forming a limy framework (as animals 
form their bones), which we call coral. Some corals are massive, 
bowlderlike domes, others, delicately branching, treelike forms. 
‘The individuals, or polyps, which form the coral, dwell in 
little cavities that dot its surface, The coral mass is alive on 








over 1000 miles skirts the northeastern coast } 
a distance of 20 to 50 miles, Behind it is 

of quiet, protected water, in which, ho 

is necessary, because of the many coral shoals. 


Uplitt of the coast adds coral reefs to the land, 
terraces, like thoxe in Guba and other islands. E 
rior of continents, fossil roefs are found in some of the 
strata that were deposited in ancient oceans, 

Waves and winds often heap the coral fr 
level, forming land, as in the Bermuda Islands, 
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quickly comentod into a soft rock by the deposit of corto of 
lime around the grains. The Bahamas, and many other coral 
islands, are made in the sume manner. The soil of auch duney is 
far better than the soil of ordinary sand dunes. 


‘Summary. — Ju warm, clear water, where there is an abundance 
of foot for fizud animals, corals thrive, building timy akelatons, out 
of which reefs are made, Bringing reefs are made along the coast, 
and these may change to barrier reefs either by outward growth or by 
sinking of the land. The wind often forme dunce of the coral sand 
drifted from the beaches, thus making land in the sect. 


156, Atolls, — Ring-shaped islands in the open ocean, made 
of coral fragments, are called atolls (Fig. 382). A channel 
into the interior lagoon is kept open by the incoming and 
outgoing tides. Atolls are especially common in the South 
‘Pacific, and wre in some cases several miles in diameter, 
thongh rarcly rising more than 12 to 14 feet above sen level. 
‘They are so low that daring hurricanes they are sometimes 
inundated by the sea, Like the Bermudas, the part above 
water is made of coraland shell fragments that the waves have 
thrown on the beach and the wind drifted into low hills. 

Few animals have reached these remote islands ; but there 
are numerous plants, including the cocoanut palm. Many 
atolls are inhabited by man. 


Atolls are built on the peaks of extinct voleanoes that rise 
from the sea bottom. Sometimes they seem to bave been built 
On stbmerged peaks, the ring shape being due to the faster growth 
Oa the outside of the reef, while within the lagoon much of the 
= of the coral is removed by solution. In other cases the 

‘atolls appear to be due to a slow subsidence af voleanic cones 
(ig 280). According to this explanation there was fiat a vol- 

island surrounded by a fringing reef (Fig. 381); by slow 
sinking this changed to a barrier rvef; Ginally, when the cone bad 
‘entirely disappeared, there was a ring-shaped atoll where the 
‘cone formerly rose, Tho sinking of the cone could have been 
‘Ro faster than the upward growth of the reef. 


appliee quite fully to lakes 
shoreline * are found alon, 


headlands, wave-cut cliffs, beaches, 


to distinguish lake from oe 
858 und 870 are from luke shores. 

Te is true that tides are absent in all but 
and even there are almost unnoticeable; : 
waves are less violent, the cliffs are usually 
bling those of bays rather than the open o 
lakes there are some high cliffs, 


‘The effects af life are, however, quite unlike in 
Although swamps are formed in the lagoons ] 
the plants are very different from thoxe of the 
the absence of tide makes the difference bets 
shore swamps even more marked. In Jakes ther 
and, consequently, no coral reefs. 


Summary. — Lake and seaconste are ao alike 
alone, they could not be distinguished. The chief 
amaller ¢li ffs, the absence of tides, ant the effets 


158, Abandoned Shore Lines. —In many places wh 
disappeared, clitfs aud beaches are now found on 
example, very perfect beaches, bars, spits, and. 
near Great Salt Lake, marking the shore line of 
Bonneville (Fig. 301). Similar shore lines mark tl 
by the glavial lakes inthe valleys of tho Red 
(Fig: 130) and the Great Lakes (p. 150), Such b 
‘or near Duluth, Chieago, Cleveland, Rochester, 
Smany other points, They arc so much like 00 









Fig. 38. —A wayecut cliff on the Fronch const. fy entiing bask the land, 
the waves have left a"'atack" island. Another will be formed when the 
oof of the wave-cut eave falls. 





Fin, 3H. — Blewnted wavecut etlff on the west const of sonthern Scotland, 
‘Jast beyouil this ciifl ls » sen care with ficlis extending up to it. 
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Fic. 36%. —The drowned coast of a part of southern New England. Notice the 
small bays partly or completely shut in by bare. (A part of the United 
‘Mates Geological Survey New London, Gonn., Beet.) 





i 

¥19, 330, —The drowned const of a part of Malte {Waited States Geotagest 

‘Burvey, Boothbay, Maine, Sheet.) | 
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that for a while they were supposed to have been eaused by a’ 
sinking af the land, adinitting the sea into these valleys, 

Elevated sea beaches are found from southern New England to 
Baffin Land, Near Boston those beaches are from 40 to 60 feet 
ubove sea level; in Labrador several hundred feet. There 
are nlso elevated beaches in Norway, Scotland, and other 
‘cof northwestern Europe, Here the country back of the elevated 
shore lines is irregular, bie lie not well suited to farming; bot 
between the elevated beaches and the present shore is a narrow 
plain which is good farm land and well settled. Tt is an elevated 
Ces bottom, from whioh the waves have partly removed the islands 

and promontorles, and over which sediment has been strewn 
(Big. 386). Proof of former wave work at these higher levels 
is furnished hy elevated beaches, marine fossils, islands partly 
out away, and cliffs (Fig. 384) with sea caves and chasms, 

‘Summary.— Shore lines, closely resembling marine shore linea, 
mark the sites of extinct lakes; and elevated sea beaches are founct 
in northeastern America and northwestern Europe, 

159. Life History of a Coast Line. — Elevations and depres- 
sions of the land are so frequent that, before the waves have 
carried their work very far, some change in level brings new 

within their reach. Tf a coast were allowed to pis 
through its life history uninterrupted, the changes would de- 
pend on the nature of the rock, the form of the coast, anid 
the force and direction of waves and currents. 
will start with a rocky, irregular, exposed const, like 
that of New England, —a typical young coast line (Fig. 386). 
Slowly the headlands are cut back (Figs. 362, 383), some of 
the materials being moved offshore, some driven along the 
coast. Of the materials driven wlongshore, bars are made, 
tying islands to the mainland (Jig. 369) and closing the bays 
(Figs, 870, 373). Sediment slowly fills the bays, transform- 
ing them to salt marshes (Fig. 878), then to dry-land plains. 
This ed coast is a mature coast line. As the waves 
continue to cut back the headlands, the beaches and bars are 
also puzhed back, and thus the entire coast line retreats. 


land (Figs, 349, 352-354, 388, 389), as il 
of northeastern and eS 0h 


ladagascar, 
Penibea, the Philippines, the Japanese islam 
many chaina of occanio islands are of 
islands in the open ocean are volcanoes (pp. 
ample, the Azores, Canaries, Madeiras, and 


ind (p. 
Bahamas, Bermudas, and the islands off #0 h 
ing Key West. Some coral reefa are attached 
promontories, Tho formation of barrier bea 
cause for islands and promontories (Figs, 368, 
along the coast of the United States, 
ontories; and along their shores are many 
wromontories that the waves have thrown up (1 
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Another cause of islands and promontories is the more rapid 
work of the waves in removing weak strata (p. 211). Small islands 
thus cnt from the mainland avo called stacks (Figs, 866, 383), 

The deposit of burs of sand or pebbles in the protected water 
behind islands often 
ties them to the 
land, changing them 
to promontories 
(Fig. 369). ‘The rock 
of Gibraltar is thus 
tied to the mainland 
of Spain (Fig. 390), 
and a part of the bar 


istwatral ground bee. oe Rv of hie, a 
tween English and land, 

Spanish — territory, 

Sometimes an island is tied by two bars, one from each end, 
jucloging 2 lagoon between them. 





Promontories and islands form irregularities of the coust 
line, and are usually the boundaries of bays, or other inden- 
tations. ‘Therefore, the causes for islands and promontories 
also explain most of these indentations. 


Summary. — The majority of islands and promontories are eansed 
by sinking of the laud. Other canses ure mountain growth, voleanie 
action, coral reef building, the formation of barrier beaches, the 
gromth of deltas, and the irregular cutting by waves. Bara deposited 
behind islands often chunge them to promontories, Those causea 
algo account for most of the bays and other indentations. 





Harbors. —No feature of the seacoast is more impor 


@ ll. 
tant than the harbors, or small indentations of the const, deep 


enough for vessels to enter, and protected enough for them 
to remain safe from wind and wave. By far the greater 
number of harbors are caused by sinking of the land, admit- 

the water into the valleys (iigs. 350, 388, 389); but 
there are many other causes for harbors. 


of late, even Boston harbor has needed 
provement to admit Jarge modern ships. 

To becomo the sito of a great city, a 
have a large area of productive country 
Baltimore, Philadelphia, New York, and 
open to shipment not only from the coun 
but also from the great interior; and New 
superiority over the others largely to the 
conncetion with the interior by water as well 
the other hand, Castine, Mi ul 
New York; but it ix not 
ductive country, and consequently has not d 


Harbors, like many other const forms, ane” 
If the const remains at one level, and man dows 
will grow acrosa harbor mouths and they will b 
sediment, Both of these processes are in o 
necessary to expend large sums of money to 
‘This is especially truc on sandy coasta, 
currents find much looge material to drift about 1 
M 
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the entrance to New York harbor is through a long, tortuous 
channel dredged out amid shoals of sand drifted from the sandy 
shores of Long Island and New Jersey. 


Summary. —A harbor is an indentation of the coast, deep enough 
for vessels to enter and yet be protected from winds and waves 
There are numerous canae for harbors, of which ainking of the 
tand is most important ; man also makes harbora by dredging 
or by building breakwaters ‘To be the site of a great city, a harbor 
must be deep enough for larye vessels and have an extensive area of 
productive country tributary to it. Waves and currents are tending 
to soa wp ani Jill harbors. 


Toreat, Ourtaxk, Qoestions, aN SUGGESTIONS 


Tortear Ourtixne.—142. Importance of Shore Lines.—-Contors of 
‘horts; Coast Survey; harbor improvementa; dan- 
lighthouses; lightaships; fogehorna; pilots; baoya; 
suinmer resorts, 

143, ‘The Seacoast is ever changing. — Wave work, — instances; deposit, 
— instance; effect of elevation; of depression; the ever changing coast. 

144, Elevated Sea-bottom Cousts,— Nature of const; illustrwtions) 
unbealthfulness; agriculture; harbors; sinking of const; sand bars. 

145. Straight Mountainous Coasts. feot of uplift; western America, 
—straight const, mountains, narrow plain, sea-bottom slopes; recent 
uplift; settiomont,—fow harbors, limited resources, mountain barrier, 

146. Irregular Mountainous Coasts, — Cause of islands; of peninsulas; 
dekiog of ernst botwoon ranges; Meditorranoan, 60, antranoe, 

wt oonst ; other large seas; ammall irregularities; sinking of coast ; 
settlement; communteation by land; navigation; westorn Italy. 

147. Coasts of Drowned Lands.—(a) Resulting irrogutarity: bays and 
Inrbors; itistances; drowned rivers; shoals and banks; islands; penine 
wilas. (5) Fiont coasta: origin of flords: instances; aottloment. 
(o) Regions of aft rock: effect on const form; settlement, (a) lin 
Portance of irregular cousts: harbors; length of const ling; fish 
mavigation; interior waterways; instances. (¢) [stands 
orga Great Britain. 
fave and Tide Work.—Mororwat of fragments (a) offshore, 
o. ade Tesult; reasons for irregular consts, str ightening const. 

140, Sea Cliffs. — Zone of wave work; work of breakers; steepness of 
eliffx, bani rock, soft rock, height; chasina; su caves; limit to ware 
work; offshore platform; cutting back of land; dangoro to navigation, 
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barcier reef; t 
+ making of land; Bermudas, 
Se ak, ara te canle a 
ae Is and rman 5 6: 

, Shoree,—Reseinblance to ocean 
common; riots of tidon; smaller cliffs; offects of | 
163. Abandoned Shore Lines, — Lake shores; ir 
een tes Yin} serait rs aren} Jostances ; 

Life History of a Coast Line. —Controlling 
ee changes in young ecoust; mature coast; cor 
offest of weak rock ; ‘offshore bars. 


deltas; 
work stacks tied islands; causns of indentations, 
161. Harbors. —(a) Definition. (¢) Causes: 
mountain uplift; islands; lagoons behind barrier) 
orator harbors; work of man. (c) Sites of gremt 6 
tary country; illustrations, (d) Sealing = ot ee 
Quuariaws.— M42. For what is the coast’ 
does the government do to fit it better for pe 
of danger? To protect them? Why is the coast a sum 
143, In. what different ways in the coast changing? 
144. What conditions are unfavorable to the d 
searbottom coasts? Why are the hnrbors wo 
145. What are the rosilts of the rising 
‘What is the eondivion on the count of wastarn South 
such conditions unfavorable to dense population? 
146. How does mountain growth cause 
the conditions in the Mediterranean? Give other 
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consis. What is the condition in Greece? Why are quch consty favor 
able to navigation? Why unfavorable to dense settlement? 

147. What results nre produced by entrance of the sea into valleys? 
Give illustrations What are the results of complete or partial «ubmer- 
gence of hills? How do the natureof the rock and the valley form ifs 
‘ence the const outline? What effect has this on settlement? Why are 
moderately low, irregular coasts favorable to settlement? What effyot 
Js sakng ofthe land on inland poople? Give illustrations, 

Sroeksen ba esriaate cersea REE petal etek ond 
this have on irrygular consts? Why are not all coasts 

149. How are sea cliffs formed? To do aifs i hard ad wot ross 
differ? What effect has variation in strata? What ore the results of 
‘cutting cliffs back? What effect has this on navigation? 

150, What becomes of the rock fragments drifted along the shore? 
Hoto te materials vary? What forms are anaurod bythe beaches 
and bars thus built? 


sand dunes accomplish ? What is the condition in the Netherlands? 

158, Where are salt marshes formed? How? What is the result * 
‘Of what importance arc salt marshes ? 

154. What are mangrove swamps? Where are they foand ? 

185. Under what conditions do corals thrive? How ix the coral 
made? How do the polypa live? How do tho roofs grow? In what 

may fringing reefs be made? Describe ‘the (eoat Harrier 
Rewt ‘hat is the origin of the Bertaudas and Balvsinas? 

156, What are the charnoteristics of atolla? Where are they found? 
Tow are they cansed ? 

487. Compare and contrast lake and sea shores 

Give instances of abandoned lako-shoro lives. Of elovated sea- 
‘shore lines. What is their nature? 

159. What causos are there for variation In the Life history of m const 
Hine? State the life history of a hard rook, irregular coast. at differ. 
ences are there where the rock is weak ? 

State the different causes for ialands and promontories. Give 
wherever possible. How may an island be changed to a 
‘promontory? What are the causes of indentations’? 

161. {is tho cause for movt harbors? State other causes for hnr- 
bors What two factors are of importance in determining the growth 
ofcitinyabout harbors? Give two instances. Why mast money be spont 
‘to improve harbors? 


What is happening there? Haro any 
the waves? Do the bowlders or 


Reference Books. —Suanen, Sea and Land, 
York, 1804, $2.50; Tann, Chapter X, Physical Get 
‘State, Maciuillan Co., Now York, 1902, $3.50; ; 
Marshes of the Atlantic Coast, National Geographic Me 
Book Co, New York, 1895, $2.50; Gruoxnn, Pent 
Sth Angual U.S. Geologieal Survey, p. 75; SHALRE 

i 860; Stranun, ZH 

Survey, p.99; Danwrs, Siructure 

Coral Reefs, Appleton & Co., New York, 1889, $2.00; 
Coral Islands, Dodd, Mead & Co,, New York, 1805, 





CHAPTER XII. 
THE ATMOSPHERE. 


162. Composition of the Air. —(A) Oxygen, Nitrogen, and 
Carbon Dioxide. — Until recently nir wis believed to be w 
mixture of two gases, oxygen (about 21 per cent) and nitro~ 
gen (about 79 per cent).? Oxyen is of vital importance to 
animals, for all breathe it; but nitrogen, though used by 
some plants, is of far less importance. It, however, increases 
the bulk of the air and dilutes the oxygen. Man probably 
could not live in an atmosphere of pure oxygen, for it would 
‘cause too rapid changes in tho tissues of tho body. 

About 0.04 per cent of the air is carbon dioxide Coften 
called carbonic acid gas), which, in spite of its small quan- 
tity, is very important. It ls composed of one part of carbon 
and two of oxygen, and plants have the power of separating 
them, building the carbon into their tissues. 

In the bodies of animals, on the other hand, oxygen unites 
with carbon by process of slow combustion, and with cach 
breath carbon dioxido is returned to the air. Firo ia a more 
rapid form of combustion, oxygen combining with the car- 
bon of the wood, coal, oil, ete., and forming earbon dioxide. 
All forms of combustion, whether rapid or slow, produce 
heat. In such mpid combustion ns fire, sufficient heat is 
produced to do much work, —for example, the formation 
‘of steam, whose energy may be used to run locomotives or 


4 In 1895 @ new element, argon, was discovered In the atmosphere, and 
since then several other inert elements have been found tn it, ‘They re- 
semble nitrogen #0 clovsly that, although they are taken with overy breath, 
they wore vever detected. 

209 


differs from time to meyreepeey 


ary, When the air is dry, evaporation 
clear; but when there is much vapor, 
and rain, The condensation of this 
to dew, frost, fog, clouds, rain, snow, and: 
1. — Invisible water vapor, which 


(C) Dust Particles. — Solid particles that 
called dust, Some of these are whirled up 
; someare bits of carbon from smoke, o 

microbes. Dust particles accumulate aro 
dall, hazy atmosphere; but daring long 
when forest fires are burning, the nir even in. 
comes hazy with dust, Rain washes duat from 
is usually clearer aftera rain storm. Over the ooeanyt 
mountains, the air is quite free from dust particl 

Dust is Important in furnishing solid ps 
vapor condenses to form fog and rain. 
about bythe winds, thus helping to spread 


Summary. — Particles dlurst, smoke, miorobes, 
cause Tea ke her) ceeatain a e 
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| 163. Effect of Gravity.— Although light and invisible, 
air has perceptible weight, One particle, drawn down by 
gravity, proses on those below it, as stones in a pile press 
on those beneath. Since the air extends toa height of two 
hundred miles or more, this great column bas u weight that 
can be measured. At sva level, its average weight is 15 
pounds to every 
square inch of sur- 
face. ‘This is equal 
to a column of 
about 80 feet of 
water, or 30 inches 
of mercury. 


Since there are 
many square inches fp a 
ss the a e a ies esd nine terns Sovak An Rigas ogicabe 
DOE it 
cvident that each of us bears a great weight of air; but as the 
Fu jacen is equal, both inside and out, we do not,notice it (p, 181). 
were suddenly removed from the outside, the 
expansion set tov alr within our bodies would burst many of the 
tissues, 
Pressure pushes the molecules of gases closer together; and, 
therefore, the air is denser near the earth than higher up (Fig. 391). 
‘As a result of this, fully two thirds of the atmosphere is within 





‘six miles of sealevel; and the air is about half as dense ab the top , 


of a high mountain, like Mt. St. Elias, aa at ita base. Tho air on 
mmotntain tops is so thin, or rarefled, that it is difficult to breathe 
uss ‘cnough for the needs of the body. Some men and animals 
i ‘become accustomed to this rarefied air and are able to live in 
me ie but a traveler from lower levels finds his breath- 
quickened by the effort to get enough oxygen, and not 

| ree becomes quite exhausted, 
Air is so extremely clastic that even slight differences in tem- 
chango its density or weight. For examplo, the sir 
| er 10x 20x20 feet weighs 901 pounds at 60°; but 


a 





q 
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when the temperature ig raigod to 80°, the air is 
there are only 291 pounds in the room, 

‘The pull of gravity is greater on heavy than on 
those differences in weight start: movements of th 
winds (p. 256). 

Summary, — Air how weight, at sea level about ff 
the aquare inch. tis compressed, or more dense, at | 
lighter, or mare rarejed, higher up. It ta very el 
dennity with temperature, and being easily set in mo 

164, Light'— A form of energy, commonly 
and heat, is emitted by bodies having a high te 
for example, burning coal, red-hot iron, and. 
sun, ‘This energy travels at great speed, 
99,000,000 miles which separates earth and sun im ; 
minutes, 

‘The sunlight which comes to us is made of a se 
differing in length and color, whose union forms 
If a beam of sunlight is allowed to pass th 
cornered glass prism these waves ure turned, each mt 
different angle.” The beam enters us white 
out with the color waves separated, among wh 
indigo, blue, green, yellow, orange, and red may b 
nized. This bending of light rays is called: 
colors are called the colors of the spectrum, or of | 

Some of the ray: t reach a body pase away 


sure reflected. This is expecially trae of smooth 


like water, or the glass of a mirror; but it is true 
regular surfaces, like the ground, Tt is refle 
that makes the moon and planets appear light 


+ A thorough study of tho nature and behavior of light belo 
‘Dut the svudent of physical geography sbould understand | 
for the color phenomens of the atmosphere, 
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when layers of alr have different temperatures and, eonse- 
quently, different densities, It ix perfoct in deserts 
und on the sea, commonly showing objects inverted —a vessel 
with the masts downward, for instance, In deserts mirage causés 
an appearance of water which is often very deceptive. 

Rainbows ure caused by refraction of light in its passage through 
raindrops, and reflection of the spectrum colors thus 
‘The halos around gun and moon are due to similar changes in the 
light mys, in their passage through the ice crystals of thin, fleeey 
clouds high in the air, 

‘The colors of leaves, fiawers, and other objects are dup to retlee- 
tion, When light reaches some objects, for example white 
paper, all the waves are reflected and the paper appeary white. 
Other objects, like black cloth, reflect very little light, the rays 
being absorbed. Still other objects absorb some of the waves 
and refleet others, thus giving color. A red flower, for instance, 
reflocts an excess of red waves; and green leaves, green waves, 

Diffraction, or selective scattering, is an important cause for color 
effect in the sky, Dust in the air interferes with the passage of 
light waves, a8 small pebbles in shallow water interfore with 
water waves, By this interference, some of the waves that 
make the white light are turned aside, or scattered, The waves 
having the shortest length, or those on the violet end of the 
spectrum, are most easily turned aside; that is, they are selected 
for scattering. 

‘The Yue color of the sky ia due to the selective scattering 
of the short blue waves, When there is much dust in the air, 
the longer red and yellow rays are scattored, giving red and 
yellow colors to the sky. These colors are especially common 
lat sunrise and sunset, when the rays pass for a long distance 
through the lower dust-filled layers of the air (Big. 392). The 
varied cloud colors of sunrise and sunset are the result of reflection 
of colors caused by refraction und diffraction. 


Summary. — White light is made by the union of a number of 
waves of different length, which, when separated by refraction, give 
the colors of the apeetrum, These colors may be rustected, as in col- 
cored objects, rainbows, Halos, and clowds at sunset, ‘The scattering, 


or diffraction, of waves by the interference of d 
color to the sky and the recs anil yellows of sunrise ands 


165. Heat.—(A) Radiant Pnergy.—On 


hot stove one feels its warmth, even at a 
feet. Waves of heat from the stove have passed | 
through the air. If the stove is very hot, aes 
red; then the waves from it produce not only | 
sensation of light on the eye. ‘This form of 
we call heat and light, ix known ax radiant 
process of emitting it is called radiation. 
known center of radiant energy is the sun 
some of the stars are still larger and hotter, 
away that they do not influence us, 

Radiation causes ® loss of heat, and by it 
cooler ; thus, in a few hours, & stove with the fire 
radiate all its heat and become cold. The sun is ¢ 
heat, radiating it outward in all directions; but 
years will be required for so large and hot a 
aun to grow cold. A very small proportion of the 
ated from the sun is intercepted by the earth ( 
where it causes many important effects. 

Summary.— Radiant energy, heat and light, which 
from hot bodies, is being radiated in ali direotions 
which i, thereyore, slowly growing cooler. 

(B) Passage of Radiant Energy. — Certain sub 
glass and the gases of the air, allow light to pas 
that they are said to be sransparent. 
to pass freely, or are diathermanous. 
withstanding the thickness of the atmosphere, the 
at midday reach the earths surface with little chang 

Dust particles interfore with the passage of 
we have seen ; and, in much the samo way, they 
the passage of heat. This is clearly proved by 
ence in brightness and warmth of the sun 
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late in the afternoon; for we may often actually look at the 
aun. At that time many of the rays are int 

in their passage through the great thickness of dust-laden 

air nea *he surface (Fig. 392). 


Summary. — Air and other substances transparent to light allow 
heat to freely pass, or are diathermanous. The interference of dust 
greatly leasens the sun’s power when it low és in the heavens. 


(C) Rediation from the Earth. — Bodies that are warmer 
than their surroundings emit waves of radiant energy. 
‘The carth itself is radiating into space the heat that comes 
to it from the sun; if this were not so, it would grow 
warmer and warmer. During the day moro heat comes 
than can be radiated; but at night, whon the sun’s rays are 
cut off, radiation cools the ground, In summer, when the 
days are longer than the nights, the ground grows steadily 
warmer; but in winter, when the days are short and the 
‘sun low in the heavens, radiation is so far in excess of the 
supply of heat that the ground becomes cold, 


Some bodies are much better radiators than others. Rocksand 
earth radiate heat better than water, and hence eool more quickly. 
‘This is one reason why, in winter, the land becomes colder than 
the water. On cold nights those objects that radiate their heat 
most quickly have most frost. Perhaps you can observe this 
difference early some frosty morning. 

 — The earth is always rattiating heat, and this is why 


Summary. 
i Becomes cool or cold at night and in winter. Some objects, like 
‘water, are poorer radiators than others, like the ground, 


(D) Reflection and Absorption. — Bodies that reflect light 
also reflect heat. Water, for example, reflects a large per- 
centage of the rays that reach its surface, and this is why 
‘one becomes sun-burned so easily on water, Quarries and 
city streets are warmer than the open country, partly be 
cause the sun's rays are reflected from their walla. 
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Somo bodies reflect little, the sun's: ‘being used 

warming them, Such bodies are nid oo abacet ty 
eapecially true of black objects, while white oa ‘reflect; 

therefore white clothing is cooler than black. ‘Phia 

proved in winter by placing two pieces of cloth, one 

other white, on a bunk of snow in the sunlight. The 

soon sinks into the snow because the sun warts i, iy the 

white cloth remains at the surface. 


Summary. — Some bodies, such as water and white objects, reflect 
much heat ; others, such as black objects, absorb heat and, therefore, 
warm inare rapidly, ' 


(E) Conduction. — With » fire inside of it a stove becomes 
warm ; and an iron placed on the stove is also heated. Tu 
this case heat from the fire is transmitted, or eomdyeted, 
through the stove. In the same way, some of the sun's lest 
is conducted below the surface of the water or ground, and 
some of it into the air which rests on these; but water, air, 
and ground are not so good conductors as iron. 
ground is 80 poor a conductor that, at a depth of from ten to 
twenty feet, there is practically no difference in temperature 
from summer to winter. 


Summary. — Heat is tranamitted, or conducted, into the water 
ground, and from these into the air, but air, water, and are 
all. poor conductors. 


(¥) Convection. — The lower layers of water in a ket 
astove are warmed by conduction, Warm water is 
than cooler water, and, since gravity tends to draw the | 
water to the bottom, these warm lower layers cannot 
there, They are, therefore, crowded up by the settling of the 
cooler layers from above. This is convection, und, iff the 
water continues to waria, boiling finally takes place, 

Similar convection occurs in air warmed by a latap. es 
fast ae it is warmed near the lamp it grows lighter and 


is pushed up by heavier surrounding air. ‘The 
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of heavier air to crowd up warm air is what causes tho draft 
ina fire; and the crowding upward of the warm air is what 
causes it! to go up the chimney, 

Heat from the aun is the cause for vory extensive conyeo- 
tion of the air in all parts of the earth. Warmed in ‘one 
place, usually by conduction of heat from the ground or 
water, the warm light air ix pushed away by heavier air 
drawn dewn by gravity, This is the cause of winds (p. 255). 

Summary. — Heat makes both water and wir lighter: and gravity, 
by drawing down heavior air, causes w rising, or convection, of the 
warmer lower layers. Winds are thus enused, 

166. Warming of Land, Water, aad Air. —(A) The Lands. 
— The lands are warmed by absorption during the day, and 
some of the heat is conducted into the ground, warming the 
upper few feet into which the roots of plants reach. The 
ground nowhere becomes excessively warm, because much of 
the heat is lost by reflection, by radiation, and by conduc- 
tion into the air. Evorywhere the ground warms during a 
hot, sunny day, and coola by radiation at night. 

Tn the tropical zone the ground does not become very cool 
at night, because radiation is unable to remove all the heat 
that comes during the long, hot days. A similar condition 
exists during summer in the temperate zones; but, in winter, 
radiation during the long nighta ao chills the ground that it 
fvoozos. In the frigid zones, radiation during thelong winter 
causes the ground to freeze to depths of hundreds of feet, 
and the short, cool summer eupplies only heat enough to 
melt the upper two or three feet. 

‘There are other differeness in the warming of the lands. For 
example, dark-colored surfaces warm tore quickly than light, 
and bare earth more quickly than that covered by vegetation. 
Where are also differences uecording to exposure; for instance, 
between shady north slopes and sunny soath slopes, and between 
‘hilltops and valleys, whose sides reflect heat into the valley and 
also interfere with winds and with radiation. q 





ee 


(B) The Waters. —Iv is a woll-known | 
warms less quickly than land. There are 
this, (1) Water reflects heat more read 
aE rae toshelitc = 
is warmed more than another, it is set in mo 
isa tendency for the heat to be distributed. — 
80 transparent that, unlike ground, some of th 
it, warming layers below the surface, Sun 
though dimly, to capi ok severe iiachaasg 





It is for thoso reasons that even a small body of 
warnis more slowly during the day, and during gu 
the neighboring land (p. 165). At nigh 
teryon the other hand, because it is a 
water cools more slowly than land. Ther 
night, and from summer to winter, there ig alt 
tomporature in large water bodies, and the clin 
is far loss extreme than over land. A " 
alight changes of temperature is called equable, 
Summary.— Water warms more slowly than tan 
resfeota more heat, is movable, is transparent, and some 
expended in evaporation. I cools more slouly because 
radiator. Therifore near large water bodies the oi 
(C) The Air. —The air is not perfectly diatl 
‘Therefore, some of the sun's rays, and some of tl 
radiated from the earth, are intercepted in 
through the atmosphere. Dust is especially | 
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intercepting heat waves (p. 254). A still more important 
ewuse for the warming of air is conduction from the ground 
to the lower layers, which, being lighter, are then forced to 
rise by convection, In the same way a stove warme the air 
in a room, by radiation, conduction, and convection. At 
night and in winter the air cools by radiation; and contact 
with the ground is another important cause for cooling. 

Vapor and dust interfere with radiation, and for this reason 
more heat is retained in the lower atmosphere on hacy and 
muggy days than in clear, dry weather. At such times radiation 
faila to.cool the ground, and a hot, muggy day may be followed 
by un oppressive, almost stifling night, It is under such condi- 
tions that our most oppressive summer weather comes, 

— The wir ie warmed somewhat by the passage of heut 
‘rays through it, but far more by conduction from the y “und and by 
comvection. It ix caplet by radiation, and by couduction from Ue 
grount. Vapor and dust interfere with radiation. 

167. Causes for Differences in Temperature on the Earth. — 
(A) Porition of Sun. — The 
sun is higher in the heavens at 
noon than in early morning 
and late afternoon; in sum- 
mer than in winter; und in 
tropical than in temperate 
zones. When low in the 
heavens, the sun’s power is 
Jess than when high, because 
(1) the rays puss through « 
great thicknem of dust-laden : 
air when the sun is low (Figs. yo, aye. —To show thot the muna 
$02, 394) nnd (2) fower rays ruse pase through more wir when 
then renoh «given, wurfuco Misr} yy nie arenas 
(Fig. 398). 

There are three important results of these different poai- 
tions of the sun. (1) Every day. as the angle at which the 





fare about half gs many tollned rays ws verticals 


winter occur in both hemispheres, (3) 
highest, that is in the tropical zone, the: 
and the climate grows cooler away from 
sun gets lower in the heavens (Pig. 394). 
Summary. — When the sun ts tow in the 
than when high, becouse (1) the rays pass Hrough 
Sewer rays reach @ given 
‘area. Chanyes in the men's 
position in the heavens from 
‘morning to night, from nex 
aon to season, and frow 
place to place, therefore canse 
differences in temperatnre, 
(B) Altitude, — Obser- 
vations on mountains and 
in balloons show that, as 
the elevation increases, 
there is a gradual de- 
orease in temperature at 
the rate of about 1 for 
every 800 feet. ‘There is no warm ground to 
these upper layers of the atmosphere ; and 
the surface, expands and cools as it 
r air ix so cool, a frigid climate is found 
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ata height of a few miles; and highlands are everywhere 
cooler than neighboring lowlands, 

‘That air cools on expanding may be proved by a Lape pump 
Air pumped into the tire is compremed, or made more 
therefore warmed, When this compressed air is Fir to 
‘escape, it expands and cools, and its coolness tay be felt. 

Although surrounded by cold air, parts of highlands exposed 
to direct raya of the eun may become quite warm at midday, 
On ahigh monntain one may, therefore, be very warm in a pro- 
tected, sunny place, while a few fect away, in a shady spot, or 
‘one exposed to the wind, it ia very cold. Radiation is so rapid 
in tho clear, thin, upper layers of air that even the warm places 
quickly cool off when the sun disappears; in fact, the temperature 
may rise to 90° nt nidday and descend to 10° at night. 

Summary. —Highlands are cooler than lowlands, the temperature 
changing about 1° for every 300 fet. There ix no warm land to 
warm the upper air, and air coola as it rtees cand expands. Rapiet 
radiation in the clear, thin atr causes cold nighta, 

(C) Other Reasons for Differences. — We have alrendy learned 

reasons for differences in tomperatiro according to sitnas , 
tion; for example, nature of rock, exposure (p. 237), and influ 
‘ence of water bodies (p. 238). The nature and direction of the 
‘wind also influence temperature (p. 265), ‘These canses for dif. 
ferences in temperature are more fully studied in Chapter XIV. 


_ 168. Daily and Seasonal 
Temperature Changes. — 
(A) Daily Range. — The 
warmest period is not mid- 
day, when the sun is high- i 
est, but two or three hours be 
after noon (Fig. 95), The [ESI 
reason for this is that in the yc. 306. — Normal daily temperature 
morning it {a first necessary range in winter ar Ithaca, N.¥ 
to warm the ground that was cooled by radiation the night be- 
fore. After the ground is warmed, the temperature continues 
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Fao. 183. — Change in temperature for six success\re aim 
to rise until the sun has sunk so low that 
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mal euromer (heavy 
winter (dotted tine) daily 
Temperature range for several 
places. (1) Arctic) (3) St. Vin 
cant, Minn. ; (3) Djarling, Indis ; 
@) “Inoobabad, India: (5) Key 
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day to night differs from time to time and from place to placa 
‘Thna the range ia great when warm days are followed by enol 
nights, and less when cool days are followed by cool nights. The 
daily range in winter is quite differont from that in summer; it 
is different at the equator from what it is in temperate latitudes ; 
‘and on the land from what it is at sea (Fig, 397). 

Summary. — Jn the normal daily range the temperature is highest 
after midday, anid lowest just before sunrise. The amount of daily 
range waries from time to time and from place to place, 

(B) Seasonal Range. —The yearly range of temperature 
closely resembles the daily range. If the average tempera- 
ture for each day is kept, 
it will be found that in 
the northern hemisphere 
thero is a steady rise from 
March to August, and 
then a gradual fall until || [71 
February (Fig. 398). The 
reason why the coldest: 
weather comes after mid- 
winter (December 21) is 
that radiation continues 
to cool the ground and 
air until the days become 
long enough, and the sun 
high enough, to overbal- 
ance the effect of radin- 
tion. The hottest period Kenn, Aria 
of the year comes alter  Stusaromatitecqunlonean. 
midsummer (June 21), 
for the sume reason that the hottest time of day is after noon. 

While there ie a normal seasonal curve as deseribed, it differs 
greatly in various parts of the world (Mig. 398). Vor example, 
the midwinter temperature at the equator is very high, in the 
frigid zones very low; the range over the equable ocean is far less | 














169. pea ae a A h 
and ull damp surfaces (p. 230), is 
and drifted abous with it, It finds its, 
earth; not evon the Sahara has ab 
Real rotate te oen eerie 

or quarts, is known as the abso 
arb 34 es trol us possible, the air is 
For example, in a room 10 x 20 x 20 f 
perature of 80°, if saturated, has 6} 
form of vapor. This is its absolute 

‘To represent the amount of vapor 
pared with the amount that might be 
jumidity is employed. Relative humidit 
percentages. ‘Thus the relative humidity 
100 per cent, for it hax all it can contains 
air, 0 per cent; and of air having only 
might carry, 50 per cent. 

If the relative humidity is low, as in 
chance for so much more vapor in the 
tion is rapid; if the humidity is high, us 
there can be little evaporation, and surfi 
We notice this difference in summer, for 
and dry, others ure humid or muggy. W 
is the weather is most oppressi' 













evayoration from the surface of the b 





























ic 19 AUG.20 193 
9. —Dally changes in rolntire buroldity at Tihwca, N-¥., for one week. Notion 


that at night the burmldity rises nearly or quite to tho dew poine (10) por cent). but 
tn the warmest part of the day is ¥ery low. This does ot mean any ehanue le 
‘the alwolute inmidity, but Is the result of changes in Gemperacere from day to ugha 





Fro, 400,— Above the clonds, mountain tops projecting through, 





FG. 401.—Clonds forming on a mountam sido. Damp winds blowing wyon tom 
@0ld mountain slopes are hore chilled until the dew your \w rwastwA. 
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Warm air can carry more water vapor than oool air, for 
the amount of vapor pomible depends on temperature. For 
this reason, when the temperature in the room mentionod 
aboye is 60° there can be only 3} pounds of water vapor in 
the air, There is, therefore, far less vapor in the frigid thar 
in the tropleal zone, 

From this it is evident that if saturated air is warmed, it 
ceases to be saturated ; that is, its relative humidity falls 
(Big. 899) and evaporation is possible. This is illustrated 
by the Sahara. There the winds are blowing toward 9 
warmer region, and the relative humidity is boing constantly 
lowered, making the air so dry that the ground is dried and « 
desert produced. If, on the other hand, damp air is cooled, 
its relative humidity increases, and the point is soon reached 
when it becomes saturated. Further cooling then forces 
some of the vapor to condense to liquid water, or, if the tem- 
perature is below freezing, to snow or ice. This is known 


88 precipitation. 

ad facts explain many phenomena. Thus, when one 
b Repoit # vol window pane the breath is cooled to 
point of saturation, and some of the vapor caused to con- 
» A glass of water “sweats” on warm, muggy days, 
ethe a glass reduces the temperature of the air near 
raises the relative humidity to the point of saturation. 
m some of the vapor must condense. This point of 
mn is often called the “dew point,” because, when it 
I, dew forms om the ground. Precipitation ix 

the air is chilled to the dew point. 










p— Absolute Lreonsn 4 fa the actual amount of water 


present compared to what might be present ut that temperature. The 

qelation Kummidity Wecrecctes with rising temperature, and inereases 
with falling tempersture. When it decreases, evaporation becomes 
more rapid; when it increases, if it reaches the point of saturation, 
or the “dew point," there is precipitation. 


8 
water gathers on the surface of the leaves ax 
‘Summary. — Dew is caused (1) by the chill 
point hy the cool ground, and (2) by the " 
Dry wir, winils, and clouds are unfavorable to t 
(8) Froxt. —Frost ix not frozen iced 
assumed when vapor condenses at ten u 
ing. Even when the general temperature 

frost may visit some localities. Low, 
affected because (1) the air is damper, and | 
the hillsides slides down to these low plac 
Sometimes frost comes so early in the fall 
quite ripe is destroyed; and late spring fi 


only their seeds, bulbs, or roots to grow the nes 
Summary. — Frost is the solid form assumed 

at temperatures below freexing. Frost firat 0 

places; and easly fall and tate spring Jrosts do 
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171. Fog and Clouds. — (A) Fog. —When we breath into 
cold air, the vapor of the breath ix condensed into particles 
of water so small that they float, forming a tiny fog. Fog is 
formed when dump air is chilled in other ways. For exam- 
ple, it often forms at night when the air over low, damp 
land is chilled to the dew point; or it may form when two 
currents of air are mixed, one cool, the other damp and warm. 
Fogs al sea are often caused in this way. 


One of the foggiest places in the world is an tho path of trans: 
atlantic steamers south of Newfoundland. Here the warm Gulf 
‘Stream drift and the cold Labrador current are near together; and 
winds from ove to the other cause vapor to condense into fog par 
ticles. Vessels rarely pass the Banks of Newfoundland without 
encountering somo fog; and in it many a boat has been lost by 
collision with another, or with an loeberg, or by running aground. 
on the shoals. Fog is one of the most dreaded dangers of the 
sea, and cautious captains reduce their speed, and keep the fog- 
horns blowing to warn other vessels of their approach. In har 
bors, navigation is sometimes completely stopped by dongo fogs, 

Dust particles, by supplying solids on which the water snay ool+ 
lect, aid in the formation of fog. It is believed that the fogginess 
‘af London §s partly due to the large amount of dust in the neigh- 
borhood of that great city. The fog of London is sometimes so 
dense that it is necessary to stop all traffic on the streets, and even 
1 eloge tho stores, 


Summary. — Fog is caso by the ohilling of air to the dow point, 
‘forcing some of the vapor to condense tw tiny drops, Dust particles 
‘supply soliits for the water to condense on 


(B) Clouds, —- Clouds are also made by the condensation 
of vapor. Most clouds are fog or mist, though the higher 
‘ones, where the temperature is below freezing, are composed 
‘of snow or ice particles. Many clouds, especially on sum- 
mer days, are caused by the rising of warm, damp air, As 
the air rises it expands and cools; and when the dew point is 
reached, fog particles grow, forming clouds, Clouds are also 





f 


i ffl 


or six miles above tho surface, 0 
#0 clouds are made of transparent i 
so thin that the sau st 
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172. Rain, Snow, and Hail. — (A) Rain. —Fog particles 
in clouds may grow to such size that they can no longer float, 
They then fall aa raindrops. The growth of raindrops fs 
due to several causes: (1) continued condensation of vapor; 
(2) union of fog particles, driven together by currents of air; 
and ($) union of particles as they fall through the clond. 
‘Thus rain is merely the result of a continuation of the process 
of cloud formation. If the vapor condenses rapidly, as in 
summer thunder-clouds, the drops may grow to great size. 


Rain may evaporate on ite way from the clouds and fail vo 
reach the ground, Such streamers of rain, descending part way 
to the earth, may sometimes be seen in summer. Tn other cases, 
rain on ita way down may freeze in passing through a cold layer 
of air, forming slect. Some slect is snow that has partly melted, 
and then frozen before reaching the ground. 

Summary.— Continued condensation of vapor in cloud formation, 
anil the union of the fog particles, form raindrops xo heavy that they 
must fall (0 the earth. 

(B) Snow, — Snowflakes are not frozen raindrops, but are 
formed when vapor is condensing in a elond at temperatures: 


below freezing 
point, Ifthe snow- 
flake without ~ 
int c it is a 
and beauti- 
fol crystal (Fig. * 
403), Tt grows as 

rogularly as salt or 

alum orystals ino Fio. 403. —Snaw oryetale 

solution that is slowly evaporating. The feathery frost on 
window panes ia also caused by crystal growth, when vapor 
condénges at temperatures bolow tho freezing point, 


‘There are several reasons why snowflakes are usually irregular: 
(1) the crystals are often broken; (2) several are often united, 


Le q 
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forming a matted mass; (3) as the snow falls it is sometimes 
partly melted in passing through « warmer layer of air, as 

many caaes snow melts entirely, reaching the ground as maim 
This is ofton illustrated in hilly oounteies, when hilltops ane 
covered with snow while 100 or 200 feet lower, in the valleys, 
rain is falling. 


Sammary.— Snowjlukes are orystaly, built up by the condensieg 
‘of vapor at temperatures below freezing. They are often trokex, 
‘matted, or partly melted on the way down, becoming irregular, 


(C) Hail. —Wail is formed in violent storms, such as tor 
nadoes and thunder-storms, where there are strong, whirling 
currents of air, 
Hailstones are 
halls of fee, built 
up by condensing 
vapor as they are 
whirled up and 
down in the vio~ 
lent currents, 





Fig, 404.—Hallstones. Compare with the laches on 


the ruler. us they. pass from 


rents. For this reason they are often made of soveral layers, 
or shells, of ice. They may grow to great size, and tay be 
kept suspended by tho rising currents long after they are 
heavy enough to fall through quict air. When they fall, 
usually at the margin of a storm, they often break window 
giuss and do great damage to crops. Conditions favoring: 
the formation of large hailstonca are fortunately not Common, 
and their effects are confined to very limited arene. 


Summary. — Hailstones are mae of ice, formed by contensing 
eapor in whirling air currents. They may grow to large site before 
they fall, then often doing considerable damage, 
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‘Torcat Ovriine, Questions, axv SucoRerions 


Torrcat. Ouriixe. —162, Composition of the Alc —(A) Oxygen, 
Nitrogen, anit Carbon Dintide: percentage of each ; argon; importance of 
oxygen; of nitrogun; of carbon dioxide; slow combustion tu animales 
rapid combustion; production of heat. (B) Water Vapor» source ; evapo= 
ration; variation in amoutt; condensation. (C) Dust Particles: nature 
of materiale: distribution; effect on condensation; snicrobes, 

16%, Effect of Gravity.— Conse of weight; amount at sea level; reason 
for not noticing preamure; density of lowe air; rarefied air; effect; offest 
‘of temperature on density of airy movetnents started by gravity, 

164. Light.—Naturo of light; apeod of passage; combination of 
waves; effect of prisms refrastion; colors of spectrum; reflection; n= 
stances; mirage; rainbow; halos; eolor of objects; diffraction; blue 
color of sky; sunset colors. 

165. Heat.—(A) Radiant Energy: heot from a stove; light from a 
stove; radiant onergy; radiation; radiant energy from bodies in Real 
effect of radiation on stove; on sun; part renohing earth, eee 
of Radiant Energy: diathermanous; effect of air on heat; effect ot du. 
(C) Radiation from the arth: earth ns & radiators cate of cool uights; 
of cold winter; differnuce between land nnd water; difference ia froxt. 
(D) Reflection and Absorption: water; quarries; black objects; white 
objects. (E) Conduction: in a stove; air, water, and ground as con- 
ductors; depth of couduction in the ground. (EF) Convection: in water; 
air, —noor a lamp, near a firy, by heat from sun. 

16. Warming of Land, Water, and Air.—(A) The Lands: warming; 
Joas of heat; day and night; tropical zone; temperate zone; frigid zone; 
‘color of surface; vegetation; exposure, (B) The Waters: comparison 
with lan wat of vaporization ; equableclimate. (C) The Air: causes 
for warming; causes for cooling; interference with radiation, i 

167. Causes for Differences in Temperature on the Barth. — (A) Position 
of Suny differences in height; reasons wi Tow in heavens is Jews 
powerful: results, (B) Alniude: decrease in temperature; explana 
tion; illustration of effect of expansion; sunny pote; affect of radia- 
thon. (C0) Other Reasons for Differences: rock; exposure; water; wind. 

164% Daily and Seasonal Temperature Changes,—(A) Daily Range: 
warmont poriod ; coolest period ; reasons ; interforenco with normal range; 
difference in amountof range. (B) Sensona! Range : resemblance to daily 
rang; coldest perlod; warmest period; reasons; causes for differences 
in curve. 

169, Humidity. — Source ; distribution; absolute humidity: saturated 
sir; relative humidity; measuring relative humidity ; effect of low humid 















































ago 

‘What in tho cause of the blue color of tho sky? Of 
165. (A) What is radiant 2 What is 

fs radiation haying on the sun? &) What aro 

Give examples. Why does the sun lose power in 

Why does the ground become cool at» sed 

difference is there in the radiation from Ln 

of reflection, Give illustrations of absorption. (B) 

What effect has iton earth, air, and water? (F) 

in water? Give illustrations Of convection of alr. = 


168. (A) Why is nie inground exotate 
oases there ts the SEonat Wha ge 


What is heat of ion? Com ; 
at night. Whavii Sac etealss imate? (C) How 
How is it cooled? Why is muggy air opprossive? 
107. (A) Why is the sun less powerful when low 
State three Serstanh ‘effects of differwners 7 ina tio 
are highlands Are any parts warm? 
(C) What othier reasons are there for dif in teu 
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168, (A) When are the warmest and coolest times of day? Why? 
What causes are there range? 


nora in the normal seasonal ex 
169, What iy abevlute Momldley? ‘Wat is saturated air? What ix 
ive humidity? What is the result of raising the temperature? What 


. prectpi 
170 (a) Whab isthe eases of dew? Under what 
0 sc much dew on grass? (1B) 
yeniebe pcre olan What are ite effects? 
71. (A) What are the causes for fog? What ate the conditions om 
‘Banks of Newfoundiand? Why? Mins eae cee 


How are they typen 
Be272, (A), What the caer cf mia? © Why do the dupe varyiasia? 
‘What are snowflakes? How formed? 


“ Svaaxstions. Recall Experiments 1, 2, 3, 4, and 6 of Chapter 
7. (2) Tet a beam of sunlight enter a darkened room and notice 
dust that St lights. Wateh the aky to seo if it is sometimes hazy. 


iv 


when placed near it? Why? (@) Try the experiment 

white cloth, mentioned on 1p. 206, using ice instead of snow. 

) Place» jn the shade in such a position that sunlight 
‘be reflected on it by means of u mirror. Does the tompernture riso? 
pages eos i bar of iron in the fire. Does the other end become 
eet Place an equal balk of several substanoes— for exaiple, 
‘, rock — on the stove for a short period to teat which firat be- 
‘i dehbe tes ‘Use a thermometer to determine this, Ttoan 
told by putting w thin layer of paraffin on each, notieing on which 
boging to molt. (10) Study convection in water, using a glass dish 

‘ water s0.a8 to see its movement Study the convection of 
clouding the air with smoke (this can be obtained be 4 
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megs lect of stl) i thel esercoes oon aa 
‘of 9 lamp; of a fireplace, your schoolhouse 
aerate ean interrater Why? (1) Place a beick 
SAS pastel waa (ot deny 55 Vn Whoosh ee 
orover a Bunsen burner, Carefully weigh ench before placing tissen there. 





Whon the brick has become warm, take the temperature ‘at the 
At the bottom. Why is one the same tem 
the other hot at the bottom and only warm at the top’? hb shows the 


highor tamperature? Why? When cool, weigh thorn ‘Has either 
lost weight? Why? (12) Do the same with water and sail, Ieaving & | 
thermomotar in each and rvcording the changes. In which does the tem 
perature riso fastor? Which cools faster? (18) Tako the temperature 
at 0, 8, 10, 12, 2,4, 6, 8, and 10 o'clock for one day. Construct » eure 
805. Keep records for a week, and oonstruot ee 
if they are all alike. (14) A.scasonal curve can also be made, gett 
data from the Annual Report of the United States Weather Bare 
which dally averages are given for many ploes, (15) With, 
pump illustrate the warming of air by compression, and cooking 
pansion (p. 241). A little fog can be prodaned by Dp. 
water where the escaping cool air passes over it. (16) 
tions on condensation, —blowing on a cold window, for ex 
warm, dasmp air, watch drops collect on a glass of ioe water. 
water doe not come from within the glaat may be proved Ty 
glass, without water, on ico until it is cold, then putting it in 
‘The same thing may also be shown by putting sult and ioe te a1 
dipper. The temperature of dew point can be de . 
thermometer in the salt and ice, reading the temperature at 
water begins to cloud the surface af the ingeead 3) 7) Stady. 
‘time of its coming; the places where it comes first Seo 
you can find out by observation. (18) For afew tae 


carefully, classifying those you nee. 
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CHAPTER XI. 
WINDS AND STORMS. 
WINDS. 


173. Relation between Winds and Air Pressure. — Winds 
aro the result of differences in the air pressure, ar weight. 
Tt is easior to understand their cause if we consider the 
atmosphere to be composed of a great number of air columns 
which gravity holds to the earth. If the sun’s heat warms 
the air in one place, the columns at that place become lighter 
than in places not so warmed (p. 231). Light air is said to 
have & low pressure, heavy air « high pressure, because the 
heavier the air, the higher it pushes the mercury up in the 
tube of the barometer (Appendix G). ‘The air moves, or 
flows, from places of high toward places of low pressure, thus 
causing winds. On a larger scale, it is much the same as 
the movement of the cooler and heavier air which crowds up 
the warm, lightor air in a lamp (p. 236). 

Tho difference in air prossure which causes winds is often 
Known as the barometric gradient, It is 80 natved because the 
air flows from a region of high pressuro, or high barometer, to one 
of low, as if it wore going down « grade, or gralfient, as flowing 
water does. It is not to be understood, of course, that there is @ 

real slope or grade, but merely lighter air in one place than in 

If the difference in pressure is great, the barometric 
gnother, ao high that the air moves swifuly, as water flows 
gradient tans 


teary. — Windle are die to a firing of air from repions of 
ergs high preasure, to regions of low preamure ; and the 
pty eee eee ia Known aa the barometric gradient. 
wgerensce PT 255 
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174, Sea and Land Breezes. —A simple illustration of 
winds ix often found along ocean and lake shores on hot 
days. On such days the land, and the air over it, become 
much warmer than the water (p. 238). Soon the heavier air 
from the water flows in as a cool, refreshing sea breeze, pashi- 
ing upward the warm, lighter nir that rests on the land. 


When the sea brocze begine to blow, the tempernture, which 
may have risen to 80° or 90°, commences to fall, and the rest of 
the day is pleasantly cool. It is partly because of the 
breezes that so many’ people go to the seashore to 
summer vacations, Along tropical coasts, sea breezes aire very 
pronounced and of almost daily occurrence. 

At night a land brees often blows out over the water, ‘The 
ronson for this is that the land cools by radiation faster than the 
water (p, 238), and the cool land air slides out over the sea, push- 
ing up the warmer air that rests there. Sailboats, 
shore when the sea breeze dies down, are able & trach port late in 
the evening when the land breeze begins to bldW. 


Summary. — Seat breezes are oxused by cool air from the sea flow 
ing in on hot days and pushing up the warm, light air over the lead 
At night, land broezes blow out over the sca from the cooler team. 

175. Mountain Valley Breezes.— Winds similar to the fend 
breezes are noticed at night in hilly and mountainous 
As the land cools by radiation, the cool, heavy air slides down 
the slopes, causing winds that often gain great force late wt nijghi 
During the day, as the valley sides are warmed, the air 
the valleys; but this movement docs not cause Winds so strong 
ag those at night, when the alr is fowing down grade and gather 
ing from many tribatary valleys into one main yalley. 

Summary. — At night, cool air slides down valleys, Jorsing iam 
and aiy passing up the valleys during the day causes lighter breeran 


176, Monsoon Winds. — On some of the continents, there 
are changes in wind direction from summer to winter 
‘These seasonal winds, known as monsoons, are best devel- 
oped in Asia (p. 259), 
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Tn summer the land becomes warmer than the water, and 
air, therefore, blows from the Pacific and Indian oceans toward. 
‘the warm interior, forming the summer monsoon. In winter, 
when radiation cools the Asiatic highlands, the heavy air 





“Fra. 49. —Tho suinmor (left baud) and winter (right band) monsoons of India. 





moves outward toward the er oceans, forming the 
winter monsoons. Thus twice each year the winds change. 
‘Tn India the changes are so regular, and the winds so steady, 
that in early times sailing vessels went there in summer and 
eft in winter, in order to have fair winds both ways. 


All continents show some tendency toward the development of 
monsoon winds; but in most eases other winds are too well estab- 
ished for the monsoons to develop perfectly. For example, the 
regular winds of northeastern United States are from the west; 
Dut they ure much steadier in winter than in summer (Figs. 409, 
410). The reason forthis is that in winter the outflow of cold air 
from the land strengthens wost winds, while in summer the 
inflow of cool air from the ocean weakens them; but tho summer 
inflow is sot strong enough to completely destroy the west wind 
“movement and form regular monsoons. 
‘Summary. — Monsoon winds, best developed in Asia, are due to 
dnjlow of air from the ocean to the warmer land in summer, and 
“the autsow of air from the cold land in winter. 
. 





Fin. 40.—A diagram to Hnstracs the ale 
elreulation of the earth. £ is equator. 


heavier air in other parts of the room crowds: 


the warm air upward. There is, therefore, (1 
toward the stove; (2) arising above it; (8) 
rent away from it; and (4) « settling ata distan 
Because of the heated belt of the tropical zo 
similar movements on the earth (Fig. 406), TI 
movement of air along the surface toward the eq 
rising in the torrid zone; (3) an 0 
from this zone; and (4) a settling north and s 


-— Both in a room heated by « stove, @ 
warmed in the torrid zone) thers is @ movement 
warm place, a rising, an outflow above, anc sett 


(B) Hffect of Rotation, — While air ¢ 
move straight toward the stove, the winds 0 
gradually turned from a straight course by 
the earth's rotation, Currents of air, like 
are turned, or deflected, in the northern hh 
the right, in the southern toward the left. 
rotation is therefore called right-hand deflects 
ern hemisphere, and left-hand deflection in th 








| Hie. 407.—leobare (lines of equal prowsure) for tho world. ‘The dark 


| 


Toprowents high pressure. Tho figures (20.40 for example) are inches 10 
which the mercury tn a barometer rhsos, being highest where the alr pressure 
Is greatest. In the dark ones of high prowure, the horse latitude belt, air is 
setiling; it moves thence toward the low pressure belt of the warm twoerid 
zone, forming the trade winds, and toward the low pressure areas near the 
‘poles, forming the preval 

















Fro. 40% —A akotch map showing the prevailing winds and wind belts of the 
earth in winter, 
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Summary. — The effect of the ecurth's rotation turna winds toseant 
the right (righthand deflection) in the northern hemisphere, anc 
toward the left (lest-hand defection) in the southern. 

(C) Belt of Catma. —In the torrid zone, where the nir is 
rising, there is little wind, because the air movement is 
vertical (Fig. 406) instead of horizontal. This is a region 
of baflling calms, sometimes called the deldrwms, sometimes 
the belt of calms (Figs, 498-410), This belt does not remain 
stationary, but, a¥ the belt of greatest heat changes position 
with the season (Figs. 439, 440), migrates northward and 
southward, 


Summary.— Where the air és rising, in the torrid 2one, there ta a 
region of calms which changes position with the season, 

(D) Trade Winds, —The air currents that move toward 
the belt of calms, known as the trade winds (Figs. 406, 408- 
410), blow with great stoadiness, especially over the ocean. 
Indeod, islands in the trade-wind belts commonly have: 
swaye-cut cliffs on the windward side, against which the surf 
is ever beating. Instead of blowing directly from the north 
in the northern hemisphere, and from the south in the south- 
erm, the trades are deflected by the influence of rotation, 
becoming northeast winds in the northern hemisphers and 
southeitat-in the southern. These are, therefore, called the 

trades and southeast trades respectively, 

As the belt of calms migrates northward and southward 
each season, the trade winds also change position, being 
farther north in summer than in winter. For this reason, 
places near the border of the trade-wind and ealm belts have 
alternate seasons of calms and trade winds (Figs. 439, 440). 


‘The reason why the monsoons are best developed in Asia 
(p. 256) is the nearness of the belt of calms. The winter out- 
flow of cold air strengthons the northeast wades; but in summer, 
when the belt of calms has migrated northwurd to the laud, the 
southeast trades extend across the equator to the land. That ig 
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in summer the land is so warm that, in this region, the southeast 
twades are strengthened and the northeast trades destroyed. 


Summary, — The steady movement of air toward the Ligh 
forms the trade winds, which, dejected ty rotation, blow from 
northeast in the northern heméaphere and the sontheast tm the southe 
era. These belts migrate northward in summer, southiourd de wetter. 


(E) Antitrades, — The air that rises in the belt of calms 
flows northward and southward, high above the earth (Fig. 
406). ‘Turned’ by the influence of rotation, these upper cur- 
rents, or antitrades, move from the southwest in the northern 
hemisphere and from the northwest in the southern lemi- 
sphere ; that is, opposite in direction to the lower trade winds 
The movement of higher clouds, and of ash erupted from yol- 
canoes, provesthis. On high peaks which cise above the trade 
winds, as in the Hawaiian Islands, the antitrades may be felt. 

Summary. — The ousflow of air that risea in the belt of calvns is 
known as the antitrades, which blow above the trates. 

CF) Prevailing Westerlies. 
—On its way toward the 
poles some of the upper air 
settles to the surface, but 
much continues on to high 
lutitudes. There is, thor 
fore, 1 movement of air from 
a brond belt in the torrid zone 
toward the small rea anound 
each pole. It may be com 
Fria, 4tt.—Ideal clrealation of alr fen be ars Soc 
ee eee water toward the sm 

erie, Trae “ean of a wash hai Tn ite 

bolt. 7, H= horse Intitudes. attempt to reach ‘outlet 

* Dai me sacha she aessae commences to whitl 
about it; and, ina similar way, the air forms a whirl about 
each pole known as tho circumpolar whirl (Figs AlL)« 
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the prevailing westerlies (Figs. 406, 408-411). They cover the 
greater part of the two temperate and the two frigid zones. 
‘These winds, as well as the others, are interfered with by various. 
| causes. For exainple, they are often strongest during the day, be- 
‘cause of differences in presture, caused by the warmth of the 
When the sun scts the wind often dios down. Storms, sea 
and the effects of topography, such as the influence of valleys, also 
interfere with the force and direction of the winds. * 
Winds are commonly lese steady and strong on kind than on 
‘water. The reason for this is that the roughness of the land, and 
‘ite differences in tom interfere with their movement. 
Since in the southern hemisphere there is so little Jund to inter 
fere with the regular winds, the prevailing westerlies are better 
parelahis ‘thore than in the northern hemisphere (Figs, 408-411), 
|, in the great Southern Ocean, a vessel can sail eastward 
around the earth with prevailing fair winds, 
‘Phere is so much land in the northern hemisphere that the 
_westerlies are greatly interfered with; but high in the nir, above 
the influence of the surface, they blow with great strength and 
steadiness. Any one can prove this for himself by watching the 
“upper clouds and noticing how uniformly they move , 
even when the wind at the surface ia from the opposite direction. 
‘Summary. — Some of the afr of the antitrades comtinues on, form 
ing the ciroumpolur whirls, Turned by the influence of rotation, these 
soinds blow Srom westerly directions in both hemispheres, forming the 
socaterlies. They are better developed over the Southern 
Ocean, and high in the air, than at the surface of the northern hemt- 
sphere, where they are interfered with by irregular land and by locat 


| CG) Horse Latitudes. — Boiweon the trades and westerlies, 
_in each hemisphere, there is x belt known as the horse latitudes, 








Cyclonic Storms. — (A) ti 
States weather map (Fig. 413) shows an area 
re is light. It is, therefore, called a 
or a Low (p. 255). Around this center 
mereary in the barometer stands higher, 


cated by lines of equal pressure, or i 
nor 
af 
eases 


Fra. 412.—Dingrimm showing theoretical move 
conditions, Inn low prosauro oF cyclonic storm aneae 
from all directions toward the low pressu 
(Fig. 414) the Low has moved eastward ; 
toward it, and around ita center rain fall 
pressure is known as a cyclonic storm. Th 
storm has moved still farther east CFig. 
should continue to follow it, we could trae 
Atlantic, and possibly even across northern 
Summary. — A cyclonic storm in an area of 
foward which winds blow from all directions, and 
Auch storms move eastward, 
+ Sew also Appendix 1, and pp: 
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ar 


Fx0. 413. —Chart to show weather conditions, January T, 189. Taobars, Iw 
Unwn; inochorma dotted ; wind’s direction Indloated by arrows; areay af 
hated. Compare with Figs. #14 and 435, 
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Taare 


‘Pha, 414. — Weather map for noxt day, January §, 1690, Path purrued by town 
‘gentar indicated by chal of “crows. 


Fria, 416. —Paths followed by a umber of low premure & 
‘of November, 1801, ‘The three iu the een 
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(B) Anticyclones. — West of the eyelonie storm (Fig. 414) 
isan aren of high pressure (marked High), from which winds 






Bo tay croace 
ESA Tr, clear est 
ee 
« Shy KOE 


‘ditions, in a igh presmire; oF anticyclonic, area. Desorthe 


blow outward in all directions, while the sky is clear and 
no rain falls. Such a high pressure arca is often culled an 

¢, because in it conditions are the reverse of those 
in cyclones. Antieyclones move castward as cyclonic storms 
do, even crossing the Atlantic. 

Summary, — Anticyclones ure areas of high pressure with outward 
blowing winds and clear sky. They alao move eastward. 

(C) Succearion of Cyrlones and Antieyotones. — Almost 
every weather map 
shows similar areas 
of high poe 
pressure (see Figs. 
Preiss). ‘At tutors 
vals of from threo 
toseven days, places 
in northern United 
States are liable to 
be visited, in fairly y4, 415 Diagram showing change of presmnrw for 
Fegular succession, — xeven suecoxsive days at Ithaea, N.Y. Figures 
by two low pressure (0 vertical coluran Indicate inches an Geothe of 


2 7 inches of meroary in the barometer, The two 
areas with a high — drops in tho curr wore cnused hy the passage of 


between (Fig. 418), 10 low prossire arene 
The passage of these areas is readily observed by watching 
the rising and falling of the barome’ by observing the 


‘thin dlagram. 


















































Cloudy weather, rain, and 
the highs; while the wind direction: 


storms, It is such irregularities as these th 
tion 
‘they u 






Fw, #1%—An edly moving downetronm, Jieg, j 
‘put with water whirling toward Ie 
oanter. in the m 


eri tae 
may be compared to the eddies ina river ( 
move downstream with the current at 

. water is whirling from all directions to 
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In the same way, while the storm whirls are moving east- 
ward with the prevailing westerlies, the air in thom is eddy- 
ing from all sides toward their centers. 


Why these eddies develop is not certainly known. One theory 
is that they are started by the warming of air in some place, omus 
ing it to be light and therefore to rise, as air rises over a stave, 
Opposed to thia theory is the fact that these storma are inost com- 
mon and best developed in winter, when heat is least likely to 
cause low pressure areas. 

Another theory is that the highs and lows are air waves started 
in the westerlies. The regularity with whieh they come, their 
strength in winter when the west winds are best developed, and 
other facts, point to this as the more probable explanation. In 
either case, whother the air is warmed, or whether it is canaed 
to rise and fall in waves, one part will have a lower pressure 
than another, and toward it air will flow, starting a whirl, 


Summary. — Cyclonic storma are eiitien in the prevailing wester- 
Hes, with air whirling toward their centers from all sides, These 
eddies are low pressure areas, caused either by the warming of air 
or, wore probably, by air waves started in the westerlies. 


(B) Influence of Cyclones and Anticyclones on Weather. — 
wrens. (Seealso p. 289.) During the passage of high and 
Jow preasnre areas the wind changes. On tho east side of a 
storm the wind is from an casterly quarter, on the south side 
from the south, and betweon the cyclone and the antioyalone, 
from the west. The winds do not move along straight lines 
toward the center, but are turned ly the effect of rotation so 
that they blow spirally ; and if the differences in pressure are 
| considerable, they blow with great force. Near tho center 
| the air rises (Fig. 412); but in an anticyclone it is steadily 
| settling (Fig. 417). 

TEMPERATURE, With these variations in wind direction 
the temperature also changes. Air from the south is warm, 
from the north, cool or cold. The sectling air of the anti 
eyclones brings to the earth some of the cvol upper air. For 
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these reasons, when low pi 
‘thore is usually hot, humid air in 


of an anticyclone cools the 
the humid, cloudy air which mantles the 
of a low preasnre area. 

rain. When air ia settling it is 
therefore, its vapor does not condense. 
eyelones cause periods, of dryness. Tn 
other hand, the rising air is Lessee 
is condensing, forming clouds and main. 
rainy portions of a well-developed ¢ 
an area with « diameter of over 1000 


‘There are two other important 
(1) those winds which are blowing from 
advaneing toward & cooler region; (2) in 
forced to rise over highlands, like the App 
England. 11, in either ease, the air cools u 
point, aome of its vapor condenses. 

in central and eastern United States the 
oyélonic storms are mainly from the south: 
from these quarters bear vapor from the 
the sonth are, in addition, blowing toward a 
England, well-developed cyclonic storms 
northeast storms, because of the damp ocean: 
from that quarter toward the eenter of low 

When vapor condenses to form elonds al 

“Jatent heat” (p, 238) is liberated, and this } 
It is partly for this reason that storms comm 
lence in passing over the Great Lakes and th 
places more vapor is provided, and the hea 
causes Jower pressure and, therefore, 8 mor 
rising of air. A cyclonic storm hus been ¢ 
fornishing some of ita own energy as the 








Pia, 420,— Mhotograph of « tornado wt Mt. Morris, 1. 





Poa. 421. —A watorspout off Marthas Vineyard, Mass. 


‘roof of the upper figure, notioe the lai pedir any 
root the upper figure, noo 2 ‘nth detven through Boards by tbe fees 
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Summary. — 
As high and low 
pressure areos 
press, the winds 
vary fa direction, 
the tows bringing 





Fi. 2%. — Photograph of a distant thunder storm, 


Jrom warmer to cooler regions, and (8) by ita ristng aver highlands, 
The heat tiberated by contens 
ing vapor causes the atr to rise 
with increasing energy and, 
therefore, over water storms 
increase in vigor. 


179, Thunder Storms 
and Tornadoes. — (A) 
Thunder Storma. — These 
are local storms which de- 
velop in low pressure areas, 
usually in thesouthern por- 
tion where warm, humid 
air is slowly moving from 
the south. On. such mug- 
gy. oppressive days the air 
is not. rising faust enough 
pagar —- to form Danksto slay 

: Bia /Wealtior say, but, as the ground is 

Pin tbedar meres’ (ateacd by warmed doring a day, the 


4 
with thunder storms (indieated by 
arrows) i és mouthora past humidair rises, and yeroues 
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occur in groups, perhaps a score or more developing at one 

time, and not very far apart. Heavy rain and hail fall at 

the margin of the whirl, and thunder and lightning ocour. 


The winds of the tornado whirl are so strong that houses are 
overturned, heavy bodies picked up and carried long distances, 
trees uprooted, and paths cut through the forest. In the center of 
the whirl there is a partial vacuum, and, as it passes, the air inside 
of houses expands with such force as to blow out the windows, and 
even the walls. ‘The path of great destruction is only a few score 
yards wide, though it may reach a length of several miles before 
the tornado dies out. Although the passage of a tornado lasts but 
a minute or two, its work of destruetion is eo complete (Fig. 422) 
that tornadoes are much dreaded; and, in regions visited by them, 
holes, called “cyclone cellars,” are made in the ground for shelter. 

Fortunately tornadoes do not occur everywhere. They aré 
especially abundant in the Mississippi valley. In that level, open 
country it is easily possible for warm, humid air from the Gulf of 
Mexico to slide in under the cooler, upper air and thus bring 
about the unstable conditions which are so favorable to tornado 
formation. They do not develop in arid countries, because the 
air is not humid enough; nor are they common in mountainous 
or hilly lands, because the irregular surface causes a mixture of 
warm and cool air layers. They rarely ocour east of the northern 
Appalachians. : 

Summary.— Warm, humid air, creeping under cooler layers in 
the southern part of low pressure areas, especially on the level plains, 
causes an unstable condition ; and at times, as the air rises, the 
in-moving toinds start a violent whirl, forming a tornado. 


(C) Waterspouts— At sea conditions favoring tornadoes produce 
waterspouts (Fig. 421). In their center the water is raised in alow 
cone, and some salt water is actually carried up into the spout. 

‘Summary.— Waterspouts are tornadoes at sea. 


180. Hurricanes and Typhoons. — Very violent storms, 
known in the Pacific as typhoons, and in the Atlantic as hur- 
ricanes, develop in the tropical zone and move into the temper- 


iG, 125, —- Diagrain of a lurricanc, showing direc 

tion of movement (long arrow), rain aren 

(shaded), ad had qoaving tower tow pees 

smure center, C- 
‘oceans have various courses, some of ! 
hemisphere passing over the Philippines. — 

‘These storms start by the rising of warm, 
torrid belt, forming a whirl similar to that 
though much larger 
(Fig. 426). They 
originate on the 
ocean rather than on 
the land, because the 
humid air over the 







vapor, which, on con- 
densing, liberates heat that warms the ee Mu 
rise still more rapidly. 

‘The pressure is very low in the center, 
proaching u vacuum. Toward this center 











“papreye are Hye 















WINDS AND STORMS. 271 


plow (Figs. 426-428), often with auch force as to overturn 
trees houses. ‘Towns have been devastated and many 
vessels lost, as at Samoa in 1889, when several war ships 
wore destroyed during a typhoon, Along the Atlantic coast 
of the United States the most violent storms are hurricanes, 
which often leave the const strewn with wreckage. 


Heavy raing, vivid lightoing, and loud thunder accompany these 
storms. With then also travela a wave of high water, which, all- 
vancing on low conats, causes much destruction, destroying houses, 
towns, and life. It was one of these waves, rising over Galves 
ton, that, together with the winds, cansed such terrible destruction 
in 1900, killing thousands of people aud almost destroying the 
city (Fig. 420). Such a wave is due to two causex: (1) drifting 
of water toward the stor center by the spirally in-blowing 
winds (Figs. 425428); (2) rising of water in the center because 
the weight of the air there is Joss than in the ring surrounding it. 

Most hurricanes occur in late summer and early fall, because 
then the belt of greatest heat is farthest north. At the equator, 
winds are nob turned by the influence of rotation; but, as the dix» 
tance from the equator increases, they are turned more and more. 
Whirls can develop only when the winds are turned to one side 
so as to start # spimtl movement around the center of rising. 
For this reason hurricanes cannot start at or near the equator; but 
‘they cun start in the hot belt when it has migrated some distance 
from it. In the North Atlantic the period when the belt of caling 
is farthest from the equator is in late sumnier, and then hurie 
cane Whirls start in the rising air. 





Summary. — Murrixties and typhoons are violent whirls, starting 
in the tarrid zone, and resembling tornatoes, though larger and less 
violent, They start over the ocean because of the great amount of 
vapor, whom condensation suppliex heat which canses more r 
rising. Their flerce winds, and the water wave which accompanies 
them, cause grent destruction. They occur late in summer, or early 
fn auturan, when the belt of calms ix furthest from the equator, be- 
canse then the effect of rotution can dejtect the winds and start the 
spiral movement which cauars the whirl 








lait D) Cause of C 
a ee * 


§ irregu! 
parison with river eddier; theory of heat origins 
rolation of eddies to low prossure. (E) Influence 
cyclones on Weather: (a) Winds— variation in 
variation in force; rising alr in lowe; sottiing 
ture,—south winds; north winds ; eettl 


179. Thunder Storms and Tornadoes, — (A) 
cit pede pe elt a 
path rate of movement; occurrence elsew! 
nadoer; favoring conditions; the whirl; o 
affect of winds; condition in centers path Ty 
cellara; occurrence in Mimissippl valley; absenon i 
(C) Woterspouts. 
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180. Hurricanes and Typhoons. — ‘Typhoons; hurricanes: places of 
development; movement into temperate ronew; paths followed; cause; 
reason for development over the sea; accompanying phenomena; affects 
of water wave; cause of wave; time of occurrence; oxplanation of thin 

Qurattows.—178, What ix the cause of wind? What is baromotrie 
gradient? ‘When are winds strong? 

Explain soa breezes; land breezes. 
1s tpl th the day ond nig! night breexes of mountain valleys, 
176. monsoons best developed ? Explain them What is 
the condition in northeastern United States? 
"7. (A) Compare the elrculation in m room heated by a store with 
that of the earth. (B) in what direction, and why, arw winds turned 
from a straight courses? (C) What is the condition in the belt of calms ¢ 
Why does it change position? (1) What are the directions of the trade 
winds? Why? What effect hus the migration of the belt of calm? 
fare the monsoons #0 well developed in Awia? (&) What io the 
dirvetion of the antitrades? How ix this known’? (I) What ix the cir 
cumpolar whirl? What is the direction of the winds? Why? What are 
the prevailing weaterlios? What interferes with the regular winds? 
‘How do the wasterlies of the northern and southern hemispheres differ? 
(G) What aro the conditions in the hores Iatitades’? Why? 

178, (A) pial aren ? What nreinobarn? Acyclonio 
storm? State ite iaticn. (B) What are anticyclones? Contrast 
with cyclonic yen (C) What changes accompany tho highs and 
lows? What paths are pursued? What ft irregutarilice 9 ‘are noticed ? (D) 
oanpare eyclocts storms with eddine in a rivor, State the two theories 
for these storms. What facts favor one rather than the other? (BE) 
What is the nature of the winds in high and low pressure areas? What 
changes in tenperature ocour us thes areas pass over x region? What 
‘are the cautos of rnin in the eyelonie storms? Why do storms commonly 
{nerease in violonon when passing over large water bodies? 

379, (A) Under whut conditions do thunder storms appear in low 
presoure areas? Why? What is the lightning? ‘Tho thunder? What 
‘are the charactaristion of these storms? Where als do thunder storma 
ovour? (B) Under what conditions do tornadoes develop? What are 
some resulta of tornadoes’? Where aro they mosb common ? Jor Tn 

‘what situation are tornidoes mare? (C) Whnt are water 

180. What are hurricanes? ‘Typhoons? What paths sere follow? 
Why do they start over the sea? “What destruction do they accomplish? 
Give instances. What destruction is done by the water wave? — 
the cause of this wave? Whon aro these storms most common? Why 
‘at that season ? 
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Reference Books. —Hanniwaror, Rainfall awd 
Bulletin C, U.S. Weather Bureau, Washingt 
Popular Teoatine on the Wind, Wiley & Sous, N 
Favuy, Tornadoes Hine, New York, 1887, $1.00 
at end of Chapter XIL) 





CHAPTER XIV. 
‘WEATHER AND CLIMATE. 


181. Difference between Weather and Climate. — Weather 
refers to daily changes in temperature, wind, clouds, and 
rain. Climate is the average result of these weather changes. 
For example, certain parts of the tropical zone are said to 
havea rainy climate. This does not mean that it rains every 
day, but that, though the weather on some days is clear, on 
still more it is rainy. Thus the average condition, or the 
climate, is rainy. 

‘The following are some of the more important kinds of 
climate: dry, hot desert climates; hot, rainy climates, as in 
the belt of calms; damp, equable ocean climates; extreme and 
variable climates, common in the interior of continents; and 
frigid climates. ‘The greater part of the United States has a 
variable climate. These different climates, and the reasons 
for them, can best be understood by studying the conditions 
in various parts of the world. 

Summary. —Climate is the average of weather, which is the daily 
condition of temperature, wind, clowls, and rain. There are a num- 
ber of very different climates on the earth. 


182. Zones of Heat.—(A) The Five Zones.—The most 
widespread cause for variations in climate is the distribution 
of sun’s heat from equator to poles. This results from the 
differenees in angle at which the sun's rays reach the earth 
in different latitudes (p. 289). From this has arisen the 
common division of the earth into five climatic zones, — two 
frigid, two temperate, and one torrid, or tropical (Fig. 480), 
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Pio, 10.—'he fire sume, 
frigid 


showing, also, 
we ee Misosay tied es “ 


(B) Tifluence of Altitude. — One 
irregularities in the boundaries of the 
‘The climate of highlands is cooler than th 
lowlands (p. 240). Tho isothermal charts? 
show numerous cases, as in the Rocky Mo 
isotherms are bent toward the equator im: 
‘The influence of altitude is also well shown 








‘Flo. 431, —Seotbermal chart of the world for January: 
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‘Pin. 482. —Lsothermal chart of the world for July. ( | 
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slope (Fig. 433), where winds from the equable ocean blow 

upon a rising cowst, with mountains extending north and 
| sonth. Along this const the climate is warm and equable; 
but on the mountain slopes the temperature descends. 
Therefore the isotherms extend north and south instead of 
east and west, as is commonly the case. 


Summary. —Highlanis are cooler than weiyhboring lowlanchs, 
Therefore highlants caure the isntherms, or Tines conneeting places 
having Ue same average femperatare, to extend trreqularty, 

(C) Influence of Water. — Distance from water (p. 238) is 
another cause for variation in temperature, OQveanie islands 
have cooler summers and warmer winters than the mainland 
in the same latitude ; and seacousts have more equably cli- 
mates than interiors. ‘This is clearly illustrated by compare 
ing the isotherms in the interior and on coasts of continents, 

Examine Figs, 433 and 434, for example, to see how much 


difference there is in January and July between Minnesota, the 
state of Washington, and Nova Seotia, Find other illustrations 
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Fig. 45. — To show the annoal mean (avorage) range in temperature tor the world, 















278 YEW PuYsiwaL © 


on the world charts (Figs 431, 432). 

ture range (Fig. 435) to wee where ther 
ranges, Contrast the range over the 

Asia and America; and the range over 

‘that over the lands of the northern her 


northwestern United States and Bur 
In these places the prevailing west wit 
water over which they pass, moderate 
the heat of summer. It is for this 
Europe agriculture thrives, and large cities 
tudes that, in eastern North America, are 
uninhabited. London is in the same Iati 
Labrador, and St. Petersburg as northern 
same reason, the January temperature at 
same as that at Charleston, S.C, (5° 
the July isotherm is that of Halifax (6° 
Summary. — /’reoailing winds influence 
prononnced influence being where winda fro 
carrying the equable temperatures of the water 
(E) Influence of Ocean Currents, —O 
drifts bear water from one zone to another 
blowing over these currents have their 
and, blowing upon the lands, bear to them: 
or cold brought by the currents from oth 
‘This effect of ocean currents is well illo 
Atlantic (Figs. 320, 451, 432), Tho groat 
the isotherms off the Earopean coast shows tt 
warm west wind drift (Fig. 338), This influ 
able in summer when the sun hay warmed 
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northeastern North America, the cold Labrador current bends 
the isotherms toward the equator. ‘Therefore, the isotherms are 
crowded together on the American coast and spread apart, fan- 
shaped, on the European coast. In other words, there ure much 
wreater differences in temperature in a short distance in eastern 
America than in western Europe. Notice also the influence of 
ocean currents on the isotherms along the west consta of the 
United States, South America, and Africa. 


Summary.— Ocean currente warm or cool the air aver them; mow 
ing a8 winds this atv transfers the influence of the currents to the land. 
Thin ix well iuatrated in the North Adantic. 

(F) Influence of Topography. — Hills and valleys bave an 
‘effect of a local nature on climate. Mountains produce far 
more widespread effects. By shutting off winds, mountain 
barriers influence the climate of places behind them. Thus, 
while the Pacific slope of United States has an equable cli- 
mate, the country farther east, being eut off from ocean winds 
by the mountains, has hotter summers and colder winters 
than the coast lands. 


‘The subtropical climate of Ttaly, southern Spain, and France 
is partly due to the influenco af topography. ‘Tho waters of the 
Mediterranean are warm; the Alps and other mountains shut oat 
the cold north winds; and they interfere with south winds whieh 
might bear away warmth from the Mediterranean, Thorofore, in 
this region, oranges und palms grow (Fig. 443) in the lutitude of 
Boston, New York, and other places in the United States which 
‘are visited hy killing frosts for several months of the year, 


Summary. — Hills and walleys have a local influence on climate, 
and mountains far greater effects, expecially in shutting out winds, 


CLIMATIC BELTS OF THE TORRID ZONE. 


183. Belt of Calms (Vig. 408).—The vertical position of 
the sun in the equatorial belt of calms (p. 259) causes the 
climate to be hot (p. 240). ‘This belt is also a very rainy 


Fig. 46. — Rainfall of nia pervert 
Welty of America 


need for deing so, sinoe, with Li 

plants yield abundant food. For these reasons: 
is inhabited by races depending di: 
who, having little ambition for 
made little progress toward civilization. 

Summary.— The belt of catme hax a hot, humill ¢ 
general absence of winds. The heat and humi 
‘Wowth of tropical forest, but discourage progress 
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the Balk oaltey aie aide RENCE 269) Sere 
warmer regions. Wapor ix therefore constantly rising 

them, because, the warmer the air, the more vapor bane Se 
(p. 244). So much fresh water is thus removed that 
the sea is made more salt, 
(p. 181) where the trade 
winds blow, These winds 
bear such quantities of vapor 
that, when they blow over 
rising land, where the air 
rises and cools, vapor is con~ 
densed. Enst-fucing cousts, 
against which the trade winds 
blow, are, therefore, very 
rainy (Figs. 436-40, 44). 


The cast coast of South Fi. 4.—Ralotull ot calm, trade 
America, both north and south [iit aud westerly belts of Aus, 
of the equator (Fig. 456), the 
East and West Indica, northeastern Australia (Fig. 437), and 
southeastern Afrioa (Fig. 438) have heavy rains, beeause the 
trade winds blow upon them from the sea. These places haye a 
tropical forest, resembling that of the belt of calms. Mountain- 
cous oceanio islands in the trade-wind belt, like the Hawaiian 
Islands, have heavy rains on the eastern or windward side while 
the opposite side hay a dry climate. 





‘Summary. — East-facing cousty in the tradewind belts have a 
rainy climate, becuse, ax the lamp air ovote in rising over the land, 
some of the vapor, eeaporated from the ocean, is precipitated, 


185. Desert Trade-wind Belts. —Jn the trade-wind belts 
avid conditions are far more comuon than rainy; in fact, the 
trade winds furnish the most important cause for deserts. 
‘They take up vapor in passing over tho land for the same 
reason 48 on the ocean ; but there is so little moisture to be ole 
tained on land that they Locome very dry winds, into which 














x . For ‘example, in the desert of southern Arizona, t) 


‘Fig. 43. —Ralafall of calm and trade-wind 
belts of Africa, 


southwestern United States (Fig. 
tract is in the great Jand area of 
Commencing in western Africa, there is a 





The great Sahara is a part of this belt. 
In many places the deserts of the tradewind b 
the arid regions of the horse latitudes (p. 261). | 
air is warming, and evaporation, therefore, proceeds 

Life in the deverts presents a fur different pictun 
the tropical forest. Only afew species of plants are # 
amid tho unfavorable conditions, and even these a 
342), Therefore, the desert is a barren, open © 
animals (p. 357) nor men (p. 386) find ita favorable 
Deserta are among the most sparsely settled 

‘The weather is nearly always dry, the a] 
and the winds often strong, blowing sand about: 
in the temperate zone the days are warm, and 
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of ire tropic of Cancer, the thermometer sometimes rises to 120° 
in the shade, ‘The highest air temperature recorded (127") was 
in the Algerian desert. But radiation is rapid in the dry dosort 
air, and at night the ground and air cool so quickly that a blanket 
may be necessary before morning. 

Summary.— Where air is growing warmer, ax in the tradewind 
and horse-latitucle belts, the climate ts dry and the land avid ov 
desert. Most of the deserts are in these belts, Deserta are unfavor- 
able to life, —plant, animal, and human. The desert climate ix dry, 
often windy, and hot days are followed by cool nighte. 

186. Savanna Belts.-— Between the rainy belt of calms fe 
the trade-wind deserts there is, in cach hemisphere, a region, 
called the savanna belt, that has alternate dry and wet seasons. 
‘This peculiar climate is caused by the migration of the belt of 
calms (p. 259). In the hot season the belt of calma migrates 
to the savannas and thore is heavy rain (Figs, 489, 440); but 
in the opposite season the savannas are under the inflaence 
of the drying trade winds. 


‘Asa result of these changes, the hot season (the time of our 
summer in the northern hemisphere, and of our winter in the 
southern) haa copious rainfall, and vegetation freshens and grows 
vigorously ; but in the opposite season the ground is parched, and 
vegetation withers. The season of drought is too severe for many 
forms of vegetation, such a8 trees, ‘Therefore, the savannas are 
covered with thoso plants, such ay grass (Fig. 491), which ure 
able to survive @ period of drought (p. 342). 

‘The downes of Australia, the park lands of Africa, the Wanos of 
Venezuela and Colombia, and the campoa of Brazil arc examples 
of savannas, Their grass supports large numbers of plant-eating 
animals, upon which flesh-eating mammals prey. 

‘Savannas are probably destined to become the most productive 
and bestsettled lands in the tropical zone. The open country 
favors agriculture, and the drought makes necessary some provi- 
sion for that season, Being thus forced to industry and thrift, 
the negroes of thé savannas have become farmers and cattle 
raisors, and are the most advanced blacks of Afriou. 


— 


Summary. — The migration of the belt of 
natin to the margin of the devert traleasing Balt 


‘and the cool winter. 
April to June, hot, dry winds from the land 
porature to rise wbove 100° in the shade. In, 
becomes calin and the heat almost suffocatin, 
longs for the summer monsoon. When this 
appear, rain falls, and for a month or two rains 
daily occurrence, causing vegetation to g 

A short period of calm follows the summer m 
the heat is intense; but cool air from the interior | 
flow down toward the sea, and by October the 
is established. The air is then clear and cool, and 
in many parts of India, fires are necessary, In Ke 
a sortof spring visits the land. Vegetation then but 
to be withered by the seorching drought of the hot se 
postpones tho real growing season until the summer 


So heavy i 
places, the soil is com pletely washed awa: 


In a year there are about 500 inches of rai 

should all stand where it fell, it would form a layer of : 

Of this umount about two thirds falls in the five « 

months. On a single day there have been 40 = 

or more than falls in most parts of the United States in a yeu 
Summary. — The Julian climate consists of a fot 

to June); @ rainy season, during the summer momeoon 

August); and a cool season, during the winter monsoon, 

of India the rainfall during the summer monsoon ie 

the yainiest part of the world being in northern Fudie, 





Fa 183.— Subtropical Hora of southorn ¥rance, at Nice, in the same batiiwie 
1a Fortland. Maina, 
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CLIMATES OF THE TEMPERATE ZONES. 


+188. Variation (in Temperate Zones) from North to South. 

1) Temperature, —The temperature varies greatly from 

‘tropics toward the poles; but, excepting newr the 

there is everywhere w decided difference between 

and winter. Near the polar circles the summers are 

#o cool, und the winters so cold, that the climate is often 

called subarctic. No trees grow there (p. 340); little orno 

agriculture is possible; and there are scarcely any human 

inhabitants, excepting along the seacoust, or in mining camps, 

like the Klondike. 

These treeless tundras merge into a forest belt, and vegeta. 

coomes more and more luxuriant until, near the tropics, 

mate is so warm that it is culled subtropical. . In this 

arm belt cotton, sugar, oranges, and even bananas, pino- 
apples, and coooanuts are grown. 


‘Summary. — The climate of the temperate zonce changer from 


, or subarctic, near the polar circles to hot, or subtropical, near 
cx; and with these changes there are variations in vegetation 
tredless tundra to subtropical forest 


Rainfall, —The rainfall also varies from north to 

. Most temperate regions have a moderate rainfitll, 

easing toward the frigid zone and also toward the trop- 

suinfall decreases toward the frigid zone, because 

wu be Jews vapor in cold than in warm air (pr 245). 

It toward the tropical zone beewuse, the horse ati- 
‘are naturally arid regions (p. 282). 


Korse-Jatitude belts, in which are incded soathern 

ifortia, southern Texas, Spain, Italy, Greece, and the steppes 
of Russia, grade in one direction into the deserts of the trades 
wind ‘belts, and, in the other, into the damp climate of the mid~ 
temperate zone. They may be called the belts of steppes. Some 
parts of the horse-latitnde belts, like Morids, have avandant 
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Tsles keeps it green, Hence the name Emerald Tale for 
Ireland. 

‘The henviest rainfall in the United States is on the north- 
wost coast (Figs. 442, 445), where damp air from the ocean 
rises up the mountain slopes. ‘There the rainfall amounts to 
100 inches a year; and in winter, when the land is cool, and 
the westerlies most steady, there is rain, drizzle, or fog almost 
duily. For the same reason there is heavy rainfall on the 
southwestern coast of Chile (Pig. 444). But in the horse- 
latitude and trade-wind belts, us in southern California and 
northern Chile, the climate, even on the seashore, is arid. 


Summary, — On west coasts of the temperate sone, schere reached 
by the prevaiting west winds, the climate tx damp and equatie. The 
heaviest rainfall in the United States is on the northwest coast, 


(B) Effect of North-south Mountains. — Along the west 
const of Europe there is especially heavy rainfall on the 
mountain slopes, as in Wales, Scotland, and Norway. But, 
since these mountains are not very high or continuous, the 
winds are able to carry vapor far inland, even into Asia. 
Because of this fact Europe, north of the horse-latitude belt, 
is well watered and the seat of extensive agriculture. 

In western North America, on the other hand, ax the air 
rises over the high, continuous mountains, so much of its 
vapor is condensed that it descends on their castward slopes 
as dry nir. Accordingly, from the Sierra Nevada-Cascade 
ranges eastward to the 100th meridian —the part of North 
America which corresponds in position to Germany, Austria, 
and eastern Russia — moet of the country is arid; and even 
farther east, in the Mississippi valley, thers are frequent and 
destructive droughts. 

Summary. — Western United Stutes dijfera from Europe in the 
greater infiience of ite higher, more continous mountains, which 


cunse the winds that cross then tv reach the other side dry, formiug 
avid regions aa far east as the 100th meridian 








It is distance froin the sea, and 
that account for the extreme climate of the i 
‘The land warms in summer, when the 


is low in the heavens, Under these’ 
‘excess of the heat supplied, and the land b 


Aot summers to cold winters, This is known 


(D) Fast Coasts. — Since the prevailt 
eress the continent before reaching 
expect to find grid climates there. 1 
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however, by the winds of the eyclonie storm eddies (p. 262), 
which frequently replace the west winds, Some of these 
winds blow from the Atlantic or Gulf of Mexico, bringing the 
vapor which gives eastern United States its abundant rainfall. 

Because of the influence of cyclonic storms, the climate 
of east coasts is variable. The west winds are dry and 
cool in sommer, and dry and cold in winter ; bat whenever 
storm winds blow from the sea, both the temperature and 
humidity are influenced by the ocean. Thus in northeast- 
ern United States the east winds are damp and chilly, being 
cooled in passing over the Labrador current ; and in sum- 
mer they often bring fogs. The sonth winds, warmed in 
passing over the Gulf Stream ov the Gulf of Mexico, are 
warm and damp. From day to day the weather yaries 
(Cp. 265), one day being like the interior of continents, 
another like the equable ovean. 

Summary. — The cyclonie storm edidies of the west-wiud belts give 
east comats a very variable elimate, with rain when winds bring abvn 
ast wapor from. the cea. 

190. — Variable Winds of the Prevailing Westerlies.— Among the 
winds caused by the passtge of cyclonic storms and anticyclones 
(Cp. 265) are some so distinctive that they deserve special names. 
The gentle south wind, which causes oppreasively warm weather 
in summer, and unseasonable warmth in winter, may be called the 
atroceo. It ix when the sirocoo blows that thunder storms and 
tornadoes develop in summer, and thaws ocour in winter. 

Of the very opposite typs are the west and northwest winds 
that sometimes blow on the rear of vigorous winter cyclones, 
These cold winds, often filled with snow, are called blizzards in 
Dakota and northers in Texas, Because of the marked difference 
in the barometric gradient (p. 255) between the cyclone and the 
wntieyclone the air moves with great velocity, perhaps 40 to 60 
miles an hoor, The cold, and the fierce snow squalls, often cause 
destrnction of life among sheep and cattle; even men ate some- 
times lost in the blinding snow, and frozen by the fierce cold. 
‘Milder forms of blizzard occur in northeastern United States. 

« 


Hig, 446. — A ecild wave, spreading omtward from am 
northwest, November 27, 18, Arrows show outs 


‘The passage of cyclonic storms so 
ingly warm, dey wind, known as the foeln 
chinook in tho Rocky Mountains. These wi 
rapid passage of air ucros mountains towanl 4 


the mir rises on one side it loses much of its yapor, ¢ 


air on the opposite side, It descends 
wether compression, as the air in 
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(p. 241). This warming lowers the relative humidity (jp. 244) un- 
til the air becomes very dry; in fact, the Swiss formerly believed 
that the foehn came from the Sahara. Tn the warm, dry air, suow 
disappears rapidly, and houses become so dry that fires are greatly 
feared. Whole villages in Switzerland have been wiped out by 
fire during the foehn winds, 


Summary.— A sirocoo te @ warm, gentle south wink blowing 
toward a cyclonic storm ; a Uliszard, or norther, ts a.flerce, caldt winch, 
twith myualls of mow, inthe area between wellatefined cyclones and 
anticylones ; a cold wave is the outspreading blanket of cold 
air in an anticyclone ; the foehn, or chinook, is a warm, dry mown 
tain wind made warm and try by vapiiily descending the mountain 
slopes in it passage toward a low pressure are. 


191. Weather of Eastern United States. —(A) Summer 
Weather. — The typical summer weather of eastern United 
States may be illustrated by the following actual instance, 
A cool, dry, gentle west wind ix accompanied by a day of 

reeable warmth, a night of refreshing coolness, and a 
nearly cloudless sky. An anticyclone is passing over the 
‘region, and following it is an area of moderately low pres- 
‘sure. As this approuches, the wind veers to the southeast, 
the temperature rises, the air becomes more humid, and both 
day und night are muggy and oppressive. On the morning 
of the second day, clouds fleck the sky, in the afternoon 
growing to thunder-heuds. About four o'clock a thunder 
storm appears, preceded by w fieree xquall ; then comes heavy 
rain, accompaniod by vivid lightning and crashing thunder. 
After the storm, « west wind blows and, as another anti- 
cylone passes, the ait is again dey and refroshing- 













‘This cyclo is repeated with some regularity, though there are 
i Fariations, At times the low progsure areas are 30 
ly developed that for several weeks little rin falls. There 
then a drought, during which streams and wells run 
tation withers, and crops suffer, At other times a low pressure 
area is 40 well developed that, instead of scattered thunder stor, 








Fig. #7.—A winter storm, showing winds blo 
toward a Lew, and the large area 


‘ovor wtileh: 
(dotted) and snow (cross-lined) aro falling. 


velocity (p. 265) and veers through 
ing chilly nir from the north or eust, ware 
While the south wind is blowing a thaw 
in midwinter, rain may fall ws far north ws € 
is often followed by n decided drop in t 
next antieyelone approaches. 
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Few climates of the world are so variable as these of the stormy 
west-wind belts; and the changes in weather are very trying to 
the health. Consequently many diseases, such as pneumonia, 
grippe, and consumption, are common in these severe climates. 


* Summary. — The winter weather of the west-winit belts is excved- 
ingly variable, being cold during the passage of anticyotones, and rela 
tively warm during the passage of cyclonic storms, whose south winds 
mary even oruse rutdicinter thas, 


192. Climate of the South Temperate Zone. — Owing to the fact 
that there is so much water in the southern hemisphere, the 
cebanges in temperatare are less extreme there than in the northern 
hemisphore (Fig. 438) ; and the winds blow with moro strength and 
steadiness than over the irregular lands (p, 261), Otherwise the 
climates of the two temperate zones are much alike. Over the 
Southern Ocean the summer weather is damp and chilly, the winter 
raw and cold, though without extreme changes from warm to exe 
ccedingly cold weather. Storms are frequent and fierce, and this 
is why rounding Cape Horn is so dreaded by sailors. 


Summary. — Eitcepting for stronger, steadier winds, mor uniform 
eoolnens, and lens decided changes in temperature, the climate of the 
south temperate zone ia similar to that of the north temperate, 


193. Arctic Climates. — (A) Near the Circle. —In summer, 
when the sun is above the horizon both day and night, the 
air, though cool and sometimes raw, is never very cold. ‘The 
warmth melta the frost to a depth of two or three feet, 
making the soil damp and swampy. ‘Then the grass becomes 
green, flowers blossom, and birds and insects appear. Ax in 
other places visited by the westerlies, storms appeur in fairly” 
regular succession, bringing rain or squalls of snow. Fogs 
fre common on the sea and along the coast, where damp 
winds are chilled in passing over cold water. 

In the late summer, when the sun commences to set, the 
| days grow cooler and the nights cold. Inseots disappear, 
birds move southward, and the land is covered with snow. 


. 524). ‘The sea ive b 
the Exkimo returns to i 
‘Then comes the summer day, : 


Summary, — The Arctic summer, 
stormy, In winter, when the sun ie below 


day, the ground is frozen and snow-coveret, th 
oul the weather bitterly cold. z 


(BY Nearer the Pole. — Ax nwar the po 


Evert there the warmth of the summer aun 
the snow from much of the low ground » 
per Greenland, the northernmost land kno 
the highest Eskimo settlements, Peary found 
insects humming, and musk oxen roaming ab 
‘The sea which surrounds the North Pole: 


on sledges, yet not open enough to allow 
Consequently those who have tried to reach 
far north as ships will carry them, and remalng 
dreary Arctic night in order to be ready fot 
Inst Peary 
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Summary. — As far north aa man has gune, the climate is similar 
to that nearer the Arctic Circle, though cooler in summer and colder 
in winter, because the aun ia lower and longer below the horizon. 
Plants and animals live on the northmost known land. In summer 
the sea ice breaks up ao that travel over it by sledge is impossible. 


Topica Ovrting, Questions, AND SuGGkstions. 


Toricat OuTLine.— 181. Difference between Weather and Climate. — 
‘Weather ; climate ; illustration of difference; kinds of climate. 

182. Zones of heat.—(A) The Five Zones: reason for division ; the 
zones; boundaries. (B) Influence of Altitude: effect of highlands; 
isotherms; isothermal charts; Pacific slope. (C) Influence of Water: 
contrast ocean and land; illustrations; temperature ranges. (D) Jnflu- 
ence of Winds : contrast western Europe and eastern United States; enet- 
ern and western United States. (E) Influence of Ocean Currents: effect 
‘on winds; transference to land; contrast western Europe and eastern 
‘America. (F) Influence of Topography: local influences; mountain 
Darriers; western United States; Mediterranean. 

183. Belt of Calms.— Warmth; rain; weather on the ocean; on 
the land; forests; mankind. 




















of nea water; east-facing coasts; instances; forests; Hawaiian Islands, 

185. Desert Trade-wind Belts. — Explanation; rainfall; desert belts; 
horse-latitude arid climate; desert life; weather cond 

186. Savanna Belts. — Location ; cause of peculiar climate; effect on 
vegetation; instances of savannas; animals; man. 

187. The Indian Climate.— Hot, windy season; hot, calm season; 
the rains; short, hot period; winter monsoon; effect of these changes 
on vegetation ; heavy rains at base of Himalayas. 

188. Variation (in Temperate Zones) from North to South. — (A) Few 
perature: near polar circles; near tropics; vegetation. (B) Rainfall: 
© ‘the north; in the south; steppes. (C) Effect of Mountair + Contrast 
© southern Europe and United States; effect on people. 
© 189. Variation (in Temperate Zones) from West to East 
™ Coasts: climate of west coasts; contrast British Isles and eastern 
1 United States; rainfall of western United States; Chile. (B) Effect of 
mm North-south Mountains: western Europe; interior of Europe; western 
United States; country east of mountains. (C) Interior of Continents: 
rainfall; droughts; the cool north; great temperature range; continental 
climate; instances; explanation. (D) East Coasts: effect of storms on 
i rainfall; in causing variable climate; changes from day to day. 

















(A) West 











fee; time of making dash toward the pole 
Questions, —181. What is weather? 


187. Desoriby the Indian climate: thi 
effect on vegetation; the heavy rains. 

ee (A) What are the conditions near the 

the temperature and vegetation 
does the rainfall vary from vorth to south ? 
found? What are the conditions there? 
absence of lofty mountains in southern Ux 

180. Why are there differences in 
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(A) What is the climate of west-fucing couste? Why? Give illus 
trations. (B) Coutrasteentral Europe with the arid West. Explain the 
condition in the United States. (C) What is the condition of rainfall in 
the interior? Why are droughts less destructive in the north? What 
are the tmperature conditions? Why? (D) What is the cause for 
rainfall on cnat-facing costs? How does the climate vary? Why? 

190. What is the sirocoo? The norther? ‘The bliezard? What ix 
the cause of each? Their effect? What ix tho cause of cold waven? 
Explain the fochn or the chinook wind. What are their effects? 

191. (A) Desoribe a cycle of typical summer weather in eastern: United 
Statox What causes variations frum this cycle? to) Describe the win 
tor weather, What causes thawe? What ia the offect of the changes? 

102. How dors the climate of the south temperate zone differ from 
that of the north? 

193, (A) Deeeribe the Arctio climate in the differnt sensom, How 
do these changes influence life? (B) What is the condition of climate 
nearer the pole? Why in it x0 difficult to mach the polo? 

Scaonsrioxs. — (1) Trace one or two of the isothermal lines acrosa 
‘the charts for the United States (Figs 483, 494) and endeavor to explain 
‘the irregularitios. Do the same for one or two isotherms in the north« 
orn hemisphere of the world charts (Figs. 431, 422). Follow one oF 
‘two in the southern hemisphere and account for the difference betwen 
their regularity and the irregularity of those in the northorn hemisphere. 
(2) Make inothermal charts of the United States and the world, copying 
upon outline maps the Jeotherms in the book. (8) Study the Appen= 
dix on weather maps (Appendix H) and work out the suggestions. 
(A) Select and stady weather maps illustrating oold waves. (5) From 
‘a serics of threo wenthor maps for successive days, doseribe the woathor 
changes ab 0 gi aco—say Boston or Chicago. Write down the 
temperature, wind direction, cte., for each of the days. (6) Make o 
record of local weather changes for a woek. Write a short description of 
these changes. (7) Write a description of the climate of your home. 





Reference Books.— Waxy, Hann's Iandbook of Climatology, Mac= 
milan Co., New York, 1003, #400; Gratx, American Weather, Doddy 
© Mead & Co., Now York, 1388,#2.50; Tuunen, Climate of New York Siwie, 
| Chapter XT, Physiout Geography of New York State, Macmillan Con New 

Fork, 1902, $3.60; Cron, Climate and Time, Applotan & Co, New Yar 
1590, $2.50, (Ser also references at end of Chapter XUL) 
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CHAPTER XY. | 
PHYSIOGRAPHY OF THE UNITED STATES, 


Tux United States illustrates in many ways the effed 
of physiographic conditions on the industries and develop 
ment of the various sections. In previous chapters reference 
has frequently been made to these influences. ‘These refer- 
ences, with others added, are summarized in this chapter. 
194. New England. —New England is a region of very 
ancient mountains of hard rock, ineluding crystalline gneisses 
schists, and granites, These strata are complexly folded, | 
and worn by denudation to the condition of hills and low 
mountains (Fig. 400). 1 is held by many that this region 
was worn down to a peneplain (Pig. 171), with here and 























there a peuk, or group of peuks, rising above, the general 
level. Such peaks have beow called monadaoeka, after Mt 
Monadnock, N.H. (Fig. 455), which sises well above the 
fairly uniform eky line of the surrounding hilltops, 





After tho mountains were reduced toa low hilly condi- 
tion, there w an uplift of the land, which permitted the 
streams to sink their valleys into the ancient mountains. 
This occurred so long ago that. even in the resistant rocks, the 
valleys have been broadened to the condition of early matur 
ity. The Conneetient valley, in weaker sandstones and 
shales, has been broadened to a wide lowland (Fig. 86), with 

re hills of more resistant trap rock, like Mts. 
z ud Holyoke, rising above the valley floor | 
is litthe mineral wealth in New England, with the 
exception of abundant building stone, including granite 
208 
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slate, and marble, which finds 4 market in many parts of 
the country. Thore is hardly any coal, and very little tron 
or other metals. 

Over all this region the ice sheet spread, rounding the 
hills and deepening some of the valleys. The residuil soil 
was swept away, and in places, expecially on steep alopes, the 
rock was left bare; but usually it was covered by a glacial 
soil. This soil varies greatly from sterile to fertile, from 
thin to thick, and from clayey to bowldery (Figs. 284, 285). 
Over a large part of New England the glacial soil is too 
thin, or too sandy, or too rocky, for cultivation. 

Because of the hilly mature of the land, the many steep 
alopes, and the poor soil, New England is not © good farming 
country. In fact, the forest has been allowed to remain on 
large areas (Fig. 189); and, for this reasor, the more moun- 
tainous northern and western parts ate ainong the important 
forest regions of the country. Under such conditions the 
farms are necessarily small (Vig. 457), and the area suited 
to farming is not nearly large enough to supply the needs of 
the busy manufacturing towns and cities. The great food 
staples, such as wheat, are brought from the West, while New 
England farms are devoted tainly to the production of vege. 
tables, dairy, and similar products fur avighboring towns. 

‘The glactal deposits have formed many lakes and turned 
aside many streams, which now tumble in rapids and falle 
over ledges which they have discovered. Hundreds of cities 
and towns use this water power for manufacturing, which 
stands at the foundation.of New England's prosperity. The 
lakes aid in regulating the water supply. 

During the glacial period the land sank and the sea entered 
the valleys, forming a very irregular coast line (Figs. 888, 
$89), with many bays and good harbors. ‘This irregular coast 
line is favorable to fishing, one of the most important indus 
tries of New Englands and it carly encouraged ship building, 
for which the forests supplied the lumber. Tho bewutiful 




















Fra. 48, —Mt. Monadnock, rising aborn the general evel of the uptand of 
sonthorm New Hampshire. 





‘Fig, 456. — Distribution of towns and citios in New England. 
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In its physical goography, New England resomblos parts 

Great Britain and Scandinavia, ch tolgin Gnciet Bites 
Jar, the land hilly, and much of the soil poor. Scandinavia, like 
the more hilly part of New England, bas a large proportion of its 





‘Summary. — New tea of ancient 
mountains, with hilltops rivtng to a fairly even sky Line, but sith 
speaks and groupe of peaks rising dexel, expecially in the 
west and worth, Moy af these are till ‘The walleys 





5. New York. — Tho physiography of the Empire State 
is more varied than thatof New England. New York may 
be ed into four quite different regions: (1) the Adi- 
rondacks, resembling the more mountainous parts of New 

: the low, hilly region of southeastern New 
I Which resembles southwestern Now England; (3) the 
high, hilly platess, including the Catskills and southern and 
western New York; and (4) the plains which border Lakes 
Erie and ‘The ice sheet covered the entire state, 
excepting the extreme southwestern corner (Fig. 270). 
‘Therefore, in various parts of tho state, there are moraines 
(Figs, 273, 274), wash plains (Fig, 275), dvumlins (Fige | 











Water power, due 
aided in the growth of many towns ar 


The Adirondacks, like the higher 

rugged, mountainous, rocky, and for 
is used in a series of towns 
ucts of the 


presentuse, Asin New England, these b 
299) are much resurted to by spo 

‘The uplands of the Catskills, and 
south and west (Figs. 145, 165), have 
‘This plateau is, therefore, sparsely: 
read that are still foresteorered, The 
and haying thicker and better soil, are 


the larger valleys. nsnally at points where 


valleys enter, making these places railway june { 
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‘The level plains along the shores of the Great Lakes 
have a deep soil, deposited by the glacier and in the 
gincial Inkes (p. 149). ‘These Inke-shore plains are among 
the best farming lands of the East, and the influence of the 
lake water gives them a climate especially suited to frnit 
culture (p. 166). From near Buffalo to Rome, the Erie Canal 
(Fig. 458) crosaes these plains. Tts route ia now followed 
by milways; and the excellent facilities for transportation 
have encouraged 
the growth of nu- 
merous towns and 
cities, including 
Rochester,—at 
the falls of the 
Genesee,—Syme- 
cuse, Utica, Troy, 
and Albany. 


Numerous broad, 
mature valleys lead 
back into the pla 
teau, and in some of 
them are large lakes, 
stich as Cayuga (Fig. 
298) and Seneca, io, 438, — Ele Canal route. 
which have been 
caused by ice erosion and dams of glacial drift. These valleys 
and Inkes afford opportunities for communication by water, rool, 
and railway with the heart of the plateau country. In early days 
the Erie Canal was the only great artery connecting this interi 
with the sea; but railways are now added to 
modate the steady stream of trade, between the West, the interior 
of the state, and the sea. 


The moveinent of goods along this route, which has aided 
in the growth of many towns and cities, has especially 
favored the cities at the two ends— New York, on the sea, 











Hodson occupied this channel. 


forming islands which add greatly to the ¥ 
result, an inclosed waterway has been 
Taland, opening connection with New 
along the Hudson (Fig. 851) into the 
route, extended to the Great Lakes by 
has concentrated in New York the shi, 
of the interior of northern United States. 
of New York City hus kept pace with the gro 


‘The peculiar conditions surrounding this t 
have made the problem of living there difficult: 
bor is in two states, but the main city is ona 
‘There is no space for the population to 
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in various directions fromthe harbor, a4 in many cities, Here, 






development has had to eae og ea island and neross 
the channels of the harbor, ‘Thi has greatly crowded Manhattan 
Island, and has forced many New York business men to live at a 
distance, large numbers going across North River to New Jersey 
or sores East Blver to Long Island. Therefore a number of 
cities have grown up around the splendid harbor, sueh ax Ho- 
boken and Jersey City, in Now Jersey, and Brooklya, now x part 
| of New York Gity,on Long Island. ‘The problem of transporting 
is more 











= 
P10. AC —Tdeat restoration of the neighhorbeed of 
Nine York, if the land were roélevated tite 
former level, 


ha 
1 physfoyraphy and industries ant the tow, hilty 

rn New York resembles southwestern New Bunge 

¥ section is hilly, sparsely settled on the npliends, 

and yore tahabitants, in the broad valleys, The 

re plains are excellent firming tant, anit the Brie Crunal ant 
is which cross thesn pluins have crenseil the growth of many 

d. cities, cud made auch manufacturing possible. The too 
us of this route, Buffalo and New York, have: tecomenf 
Now York having the best physiographic sitwation 
off ail the cities of the country, and hence becoming its metropolis, 


196. The Coastal Plains. — Irom New Jory to Mexico 
there isa narrow belt of low, level land, so recently raised 
s 
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Summary. — The level coastal plains extend from New Jersey to 
Mecien. They are often so swampy, or have s0 sandy a soil, as to 
be unftt for agrioulture. There is little mineral wealth. The low, 
sandy coast has many navigable bays, due to sinking of the land ; but 
sand bars interfere with the entrance fo many by ships, The chief 
cities are on the Fall Line .or om the coast, either at the head or 
mouth of a bay. 


197, The Piedmont Belt —Tho low, hilly country, from 
New York to Alabama, between the coastal plains and tho 
| Appalachians, is known aa the Piedmont belt (Figs. 461, 
| 464, 465). Tt is an uplifted peneplain, with hilltops rising 
to a nearly uniform level, and here and there a monadnock 
tanding above the general surface. An uplift has given the 
| streams power to sink their valleys into the peneplain. That 
| this was once a high, rugged, mountain region is proved by 
the fact that the rocks are intensely folded. 
Excepting in New Jersey the Piedmont region is south of 
| the glacial belt, and, therefore, the residual soil has not been 
I removed from its undulating surface. This soil is usually 
| deep and fertile, and, since the climate is favorable and the 
; surface fuirly lovel, thi londid agricultural region. Tt 
» 8 one of the greatest cotton and tobacco belts, and, in addi- 
tion, produces fruits and farm crops of various kinds. 
| The Piedmont belt is dotted with towns and cities, and 
§ crossed by many railway linea. The Fall Line cities (Fig. 
» 125) are along its eastern margin, the two largest being 
¥ Philadelphia and Baltimore, also near the head of naviga- 
pption on large bays. Washington is similarly situated. 
v Philadelphia and Baltimore, like Bostan and New York, 
[have become great soaports because of good harbors and 
pcomnection with a productive interior. Being shipping 
points for the exports and imports of the interior, these 
cities Have naturally become great manufacturing centers. 
Manufacturing has been further encouraged by the readi- 
hess with which coal and iron are obtained. 











im) 
and other local products. Atlanta: o 
to the fact that it ies 
of railway linos, incl 

Seer f 


Ji tg dotted with towns and cities, the 
Among these cities are Philadelphia, 
also at the head of large bays. 


New York to Alabama, parallel | to the 


divided into two parts, — the eastern, or. 
and the western, or Appalachian an 


Fra, Ai, —"Tho Fotomae Water np. 


eat-covered (Figs. 85, 146), Tho va 
recent an uplift that the streams have 
For a long: time these rugged, I 
asa barrier to westward migration; and. 
but a few lines, they are passed with di 





16H yo oszesen seany res¥ x oywur ox posotosd star Sapte pee oa 
omy aval soil iy Op “HOA 








PHYSIOGRAPHY OF UNITED STATES. 309 
are crossed by water pe ies au 192, 198, 468, 467), 
which the fae of and trappers, the wagon 


roads of the early sia, pau the railways and canals of 
present-day commerce all have followed, Tho ipal 
lines of passage are slong the Cumberland, Potomac, Sus- 
quehanna, Delaware, and Mohawk gapa. 

This belt includes some of the most sparsely settled regions 
of eastern United States (p. 84), and is an important timber 
reserve. It would be still leas populous if it were not for 
two important facts. In the first place, whero the rock is 
soft the valleys have been so broadened aa to invite an 
agricultural population (Fig. 466). This is best illustrated 
by the broad, fertile limestone valleys of New Jersey, Penne 
sylvania, the Shenandoah valley of Virginia, and the Ten 
nessee valley. In the second place, the rocks contain stores 
of valuable mineral (p. 108), the most important being coal, 
fron, oil, and gas. ‘The coal and iron have been exposed in 

 muny of the deep valleys. 

‘These conditions Lave led to the development, not only of 
mining industries, but of important manufactures. Of the 
many busy centers of mining and manufaeturing the great- 
est is at Pittsburg and Allegheny, where the Monongahela 
and Allegheny unite to form the Ohio. This point has 
water connection with a wide area; and the meeting of rail- 
ways where the valleys come together has added facilities 
for extensive railway transportation, Therefore iron and 
other raw products for manufaeture are easily obtainod, and 
‘the manufactures are readily distributed. This fayorable 
situation was caused by tho effect of the ico shoot (p. 155). 


Seranton and Wilkes Barre, farther east In the anthracite coal 
fields, have also developed into important mining and manufac. 
ering cle. Indeed, all Pennsylvania has had its growth 
ati: ‘by its great mineral resources, and especially its coal. 

‘Throughout the Appalachian belt similar mineral wealth is caus- 
ing development, In no place ix this better illustrated than at 


and the Alleghany plateau on ie 0 
an expanse of lovel-plains (p. 76). 
ts: (1) the rock strata are news 


the low mountains of central 
Arkansas, and southern Missouri (F 
Superior is another low mountain ar 
sion of the ancient mountain land o| 
Tn so level a country, ay a 


rivera have so nearly approached 
gable for long distances, The 
navigable for 1000 miles from the sea, i 


‘The ioe sheet eayered the northern 
270), filling the valloys with drift 
more level (Fig. 202). These glacial 
streams out of their valleys, causing 
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caso of the Falls of St Anthony at Minneapolis. Many ponds 
and lakes were alo formed, aa in the low, hilly country of Minne 
sota, in which there are sitid to be 10,000, 


‘One of the most important effects of the glacier was to 
make the Great Lakes water route (p. 156) which, supple- 
monted by canals, offers facilities for interior water trans- 
portation that are not equaled on any other continent, 





‘country is raised la this section, Much the same 
Hines plains on, trae of cikor grains 


sections of prairie were treeless helped in the rapid devel. 
opment of the region. ‘The agricultural products vary with 
the climate from hardy grains in the North to tobacco 
and cotton in the South, In the hilly lands and along 
the rivers, especially in Michigan, Wisconsin, and Minne- 
sota, there is forest, from which much valuable timber is 
obtained. 

‘The western part of this plains region (west of the 100th 
meridian) has an arid climate (Figs. 127, 129), unfitting it 
for agriculture without irrigation (p. 287). This part of 
the Great Plains fe the seat of an important grazing industry 
Gig. 128). 





212 NEW PHYSICAL ¢ 
‘There wre great stores of 1 


manufactured 
products. 
It is natural that 


oe cities along the large, navigable ri 
thous river cities are St, Louis, on 
mouth of the Missouri, and Cincinn 
the Ohio. That the situation of St. 
of two great rivers, is favorable, is 
growth, making it the fourth city 
States. Ita position makes it a manu 
uting point for products from north, 
Another great industrial community: 
of navigation on the Mississippi — the 
and Minneapolis. The latter has 
of a fall in the Mississippi, supplying: 
Orleans, near the mouth of the 
Pittsburg, at the head of the Ohio: 
related in prosperity to the fertile 
are in close communication with them 
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Along the lake route many important cities have de- 
veloped: in Canada, Montreal and Toronto; in United 
States, Buffalo, Cleveland, Toledo, Detroit, Chicago, Mil- 
waukee, and the two neighboring cities of Duluth and 
Superior, besides many smaller places. Each of these cities 

its by the commerce that the water route opens to its and 
each is able to receive the raw products of the entire ake 
region (Fig. 469). Tron, one of the most important of these 
products, must be brought to the coal fields for smelting, 
and all lake ports near the coal fields share in the benefit. 
With the recent wonderful development of the iron region 
there has been a corresponding growth of the lake ports. 
| Each of these cities has some special reason for its growth 
| at that particular point, Dulath-Superior and Buffalo are 
at the two American ends of the lake route. Toronto ix on 
a good harbor on the Canadian side of Luke Ontario, oppo- 
site the Welland Canal. Montreal is at the head of navi- 
gation for large ocoan vossels, and at the foot of rapids in the 
‘St. Lawrence, around which a canal has been built. Clove- 
land and Toledo are on good harbors on Lake Erie, and near 
“extensive coal fields. Detroit is ona narrow strait, through 
which lake traffic must pass, and at a point where railways 
cross from United States to Cunada. It is, moreover, prac- 
tically at one end of Lake Erie. Milwaukee ix on a good 
lake harbor backed by a fortile country. 

Of all the cities in this section, Chiongo has tho best 
natural site and has, therefore, grown tho fastest. It is no 
| accident that it has become the second city of the country in 

Site; nor is there reason to expect that ita growth will nob 
continue, ‘The small harbor, around which Chicago started, 
| was scoured out by the overflow strenm of the glacial Inkes 

that existed while the ice sheet was melting away (Fig. 280). 
| The city soon outgrew its small natural harbor, but continued 

to prosper because of its favorable situation. 

Like Buffalo, Toledo, Detroit, and Duluth, it occupies 


isco 


few low mountainous sections The 

by the ive aheet, ‘The greater part of the. 
agriculture; but some of the more hilly 
testern portion is arid, and hence d 
The Plains have great mineral resources, 
consequently have become an important va 
navigable rivers and broad valleys have 
of a number of large river cities of which 8 
The Great Lakes water route ia even more t 


and hence has ot series of large aud buay 

these Chicago fe the largest, This, the seeand 

G fine natural situation wt the end of one of the i 
Sertile agriculterat country, and wear extes 


200. The Far West.— ‘This broad a1 
plateau with mountain ranges rising 
the mountains (Figs. 158, 161, 165, 166, 
teaus (Figs. 197, 138, 141, 476-478) are 66 ¥ 
are.very rugged. Yet there are many 
ley and extensive areas of level platens 
mate favored, this might become much 
un ugricultural region. Over most of tl 
ix go urid that the land is suited only to 











Fi9. 470,—A view in the Rocky Mountains of Colorado, near the timbor 116, 
showing tho steep slopes and smal! amount of surface available for farming. 





Fro. 471, — A rallway tine croming the Rocky Mountains parr Cronyn, ihe 






Foo. 472.— 4 trall the mountains of waiters Walked Seahaa 
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numbers of cattle, sheep, horses, and goats ure raised on the 
plains, plateaus, and mountain slopes. Parts of Nevada, 
suthern California, and Arizona are true deserts, with too 
grass und water even for grazing (Pig. 150), ° 
On the other hand, some of the high plateaus and moun- 
valleys have rainfall enough for ugricultare, and many 

the mountain slopes and higher plateaus are forested. 
very large area, including the northern half of Culi- 
weetern Oregon, and much of Washington, has suffi- 

it tuinfull to make it a very important agricultural region. 


ning is alao carried on wherever irrigation $a possible; 
unfortunately, the water supply is lowext in summer, One 
great problems of the future, in which the entire country is 
is how to store the winter rain and melting snow for 

in suzomor, The government is now at work on this problem, 





Je to support a much larger population, 


of which have been developed. No part of the world 

this section in the production of precious metals; and, 

ition, much copper, lead, and zine areobtained. Coul, 

iron, sult, building stone, and many other mineral 

though found in many places, are nov yet produced 

arge quantities. They are among the uni oped re- 
ed of United States. 

d through the Far West are many thriving towne 

(Figs. 188, 190), some engaged in mining, some 

turing, and all serving ax distributing centers for 

g sections. Of these the largest are Denver, at 

base of the Rocky Mountains, Salt Lake City in 

d severul cities on the Pavific slope. Denvor is a 

eenterand an important distributing and manufao- 

saring center for a great mineral section. 


metrical yoleanic cones (Figs. 214, 21 
and grind mountain valleys (Figs. 67, 
surronadings are nowhere excelled in 
in various parts of the West. Each 
toward those centers of scenic attr 

‘The dry climate, unfavoruble to agri 
health; and, consequently, many parte 
New Mexico, Arizona, ani southern Calif 


is so sunny and balmy, tke that 
wherever irrigation is possible, the 
Tt is one of the most attractive parts of the 








Fig. 473, —Eruption of Fountain geynor In the Yellowstone Park. 


~ Fas, 474. —Tho Mot Springs near the entrance to Yollowstone Park. 
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important mineral helt, being the greatest yrroduoer of precious metals 
in the world, Of the cities, the largest. tn the eastern Rockies is 
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“Minneapolis? How ara New Orleans and Pittsburg related to. this 
region? Name and locate the leading lake cities. What goneral advan- 
tages do they share? What eepecial ron fa there for the growth ot 
each? What is the reason for the exact location of Chieago? What 
spoolial advantages hus it? ‘ 
200. Whit ro the surface features? What is the general condition 
‘of the climate? What Is the effect of this on industey’? Whereate te 
int valuable 


— hutiid sections? Why arestorage reservoirs necessary? Why 
minerals are found? For what is Denver important? Seattle, Tacoma, 
“and Portland? Whatcanses the harbors? What has favored the growth 
of San Francisco? What scenic attractions are there in the West? In 
what way in the dry climate favorable? What offect has this had on 
‘Los Angeles? 


Reference Books. —Powrr.t, Physiographie Regions of the United States, 
National Geographic Monograph, American Book Go. New York, 1306, 
$2.0; Smaren, United Slates of Ameriex, Appleton & Co,, New York, 
nes $10.00; Mit, International iGensessiai Appleton & Co. 

‘1800, $5.60; Tarr & McMurry 

ee ‘York, 1000, 8075; es Physical Geography ‘of 
New England, National Geographic Monographa, American Book Co., 
“New York, 1805, 2.50; Entunsox, New England Supplement, Tarr § 
‘McMurry Geographies, Macmillan Co., New York, 1901, 30.80; Tass, 
Physical Geography of New York State, Chapter I, Physiographie Features, 
Macmillan Co,, New York, 1002, 84.50; Same, Chapter X11, Influence of 
hic Features upon Industriat Development; Warrnxcx, New 
Fork Supplement, Tarr ¥ MeMurry Geographies, Macmaillan Co., New 
Ae 1901, 80.40 (also other State Supplements to Tarr & McMurry 
; Kemer, Ore Deposits of United Stotex and Canada, Rix 
and Mining Journal, New York, 1803, $100; Taun, Economie 
‘of United States, Macmillan Co., New York, fourth edition, 190% 
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Aumost the entire United 
large river systems (Fig, 479) and 
most of which flow eastward or so 
and Golf, The greatest amou 
Atlantic, including the Mi . 
of the whole country; next in 
while & small section drains into the 


River of the North. As has b 
ters, the river systems have been 
the development of the country. 
of food; they have. auniiled 0 
served as pathways of 
present chapter considers this wb 
201. The Columbia. — ‘The Col 
slopes of the Rocky Mountains, flo 
and enters the sea in # region of ab 
length is 1400 miles, and it. dai 
miles. ‘The lower Columbia ix 
two rivers, the Columbia and 
Mountains to the Cascades, both th 
and the Columbia from the north 


lead the water for irrigation, There 

falls, including the Shoshone Falla, 80 

greater part of their course, the rivers: 
820 
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Instead of serving as pathways, these canyon valleys are 
barriers to passage; but in its lower course the Columbia 
is an important aid to travel, for it crosses both the Cascade 
and Coast Ranges, thus opening gaps across these moun- 
tains, which « railway follows. Sinking of the land has 
admitted the tide for over 100 miles, as far as Portland; 
and navigution by river boute is possible up the river even 
above the junction of the Columbia and Snake (Fig. 481). 


‘Large numbers of salmon pass up this river to lay their eggs, 
or spawn; and the catching and canning of these fish is an im- 
portant industry along the lower course of the Columbia, 

Summary. —The union of the Columbia and Snake rivera makes 
@ great river system, In heir upper parte these rivera oocupy.canyona 
tn a broad lava plateau, and these valleys are barriers to travel; but 
the lower river is navigable, opening « pathway across the moun= 
tains, and admitting ocean boats for 100 mites, as fir as Porthind. 

202. The Sacramento.— Tlie extensive fertile valley of 
California (Fig. 114), between the Sierra Nevada and Coast 
Ranges, is drained by the Sacramento River where it crosses 
the mountains at the Golden Gate. Sinking of the land has 
admitted the sea, forming Sun Vranciseo Bay and connecting 
the valley of California with the aa (Fig. 350), ‘The Sacra- 
mento is 400 miles long and has a drainage area of about 
58,000 square miles. It is made by the anion of two rivers 
which ¢ id along the great yalley,— the Sucramento from 
the north, the San Joaquin from the arid south, For 
gome distance each is navigable to small boats. 


‘These rivers are fed by short streams from the inclosing moun- 
tains, where they occupy canyons. At the base of the mountains 
these are building low alluvial fans, and are engaged in 
slowly filling the great valley (p. 68). Over the alluvial fans tho 
streams flow in shallow valleys, from which water is easily led for 
purposes of irrigation. The water of the mountain streams is also 
used in hydraulic mining for washing gold from the river gravela. 

, 
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gash in the crust, and at their base is a buried mountain area, 
|) once dry land, now covered by a thick series of sedimentary 
strata. The rivér is flowing with so steep a slope that it is 
rapidly cutting its canyon deeper, and weathering is. wasting 
back the cliffs, which form a multitude of irregular and rugged 
mesas, buttes, ridges, and spurs. Where hard rocks outerop, there 
aro steop cliffs; where 
weaker layers occur, the 
slopes are gentler; where 
the cliffs have wasted 
back, flat terraces often 
extend from their base; 
and everywhere there is a 
wonderful and varied co)- 
oriug of the rock walls, 
In places, where the cliffs 
have wasted back, the can- 
yon slope consists of a 
series of hard rock terraces 
with level tops and steep 
fronts. ‘This is expecially 
true of the older, upper 

rtion where the cliffs 

ave wasted farther back, 

In this arid country few 
large tributaries enter the Pio. 478. —A view in the Marble Canyon, 
river, and those bring little ‘oun of the canyons of the Colorulo. 
water, for throughout most 
of the area the annual rainfall is less than 10 inches. All the 
larger tributaries are from the southern and eastern sides, because 
the river flows 40 near the edge of the arid Great Basin that tribe. 
taries from that side must be few and small, These tributaries 
themselves are in canyons, and between them are broad areas of 
tableland with many mesas and buttes,—a typical young, arid 
Jand platean (p. 81). 


1 = The Colorado, fed by rains and snows from the 
Rocky Mountains, flows for nearly 2000 miles across an arid and 


ee i 
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age, consisting of « wumber of smaller 
desert, and, for the most part, apacrselyy 
205. The Rio Grande. —This river m 


plateau; i deep, 89 
as the canyons of the Colorado. In a 
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valley broadens, and is bordered by floodplains and low, terraced - 
land, over which the river water is easily led for irrigation, Thoro 
fore, from Colorado to Mexico, there are many irrigated geotions, 
and numerous thriving towns and cities. The only large tributary 
is the Rio Pecos, which resembles the main river. 

Owing to the openness of parts of its valley, and the: mandy 
nature of its bed, the Rio Grando loses much of its volume in 
crossing the arid country and is sometimes dry i in summer, But 
in winter and spring it is a large river, rising especially high 
during the melting of the mountain snows. Tt ia always heavily 
charged with yediment, and in pluses is aggrading its valley. At 
its mouth a delta is being built, causing a slight bulge in the 
coast line (Fig. 371). In ita lower portion the Rio Grande is 
navigable to small boats; but at present this is of little nse, since 
that region is arid and sparsely settled. 


Summary. —-The Rio Grande, supplied with water from the 
Rocky Movateing, flows woross un avid region to the sea, receive 
ing only owe large tribvtary, the Pecos. fs course tw marked by 
alternate canyons cnt open valleys, which are trrigated and well 
settled. 


206. The Mississippi System.— This vast river syatem, 
the longest and one of the largest in the world, has a length, | 
incl) ‘the Missouri, of 4800 miles and a drainage aren 
of 1 Square miles. Tt receives a large namber of 
tributaries, aome very long, Including the Red (1200 miles 

“Arkansas (2170 miles), Missouri (8000 milea), and 


Ohi miles), Each of these tributaries has large 
fi some of ther great rivers; for example, the Platte 
re and the Yellowstone (1100 miles) ure tributaries 
of jissouri. There are over 10,000 miles of navigable 
water in te Mississippi system (Fig. 451), 

‘The Mississippi valley ix a broud depression, a lowland left 


by the greater uplift of the land on either side. Most: of the 
streams follow consequent courses down the slopes of these up- 
lifted sides This depression has existed for many ages, at first 
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aroallmuddy, Tho Platto is so burdencd that itin aggrading its 

bed, and doing it with auch rapidity that the river Is embarrassed 
in passing through its own deposits (Fig. 112). The Red River 
receives its name from the color of its sediment; and the tnrbid 
‘Missouri is often called the “Big Muddy.” At their junction, the 
ippi has about as much water as the Missouri; but sinco 





Missis 
it has less vediment, it is able to move down stream that which the: 


‘Missouri brings. 

‘Tho Ohio drains part of the Alleghany plateau on one 
‘side and of the Central Plains on the other. Since the cli« 
mate of its valley is hamid, with a rainfall of over 40 inches 
a year, the Ohio carries more water than tho Missouri. 
‘The water supply varies greatly, being least during summer 
droughts, when the river may be only 2 or 8 feet deep, and 
most in spring when the snows are melting. It may then 


~ reach a depth of from 50 to 60 feet (Fig. 99), 


The Ohio and most of its tributaries occupy mature val- 
Jeys; but those in the platesu are deep and steep-sided, 
dissecting the plateau into the rugged condition of early ma- 
turity (p. 84). Throughout most of its course the Ohio is 
bordered by a floodplain, behind which bluffs rise to a height 
of 200 0r 300 foct. This ig un exocllent farming country, and 
the valley is casily followed by railways. ‘The river is navi- 

le even above Pittsburg, though in some places rapids 
ve made canals necessary. 

‘The upper Mississippi resembles the Ohio in most impor- 
tant respects. In both cases the valleys have been seriously 
influenced by the glacier, which has oansed rapids and falla. 
Tn its headwaters, the Mississippi passes through a series 
‘of lakes and swamps of glacial origin. 

Below the junction of the Mississippi and Ohio at Cairo, 
‘the Mississippi flows in » floodplain which it is building up 
Decause it has more sediment than it can carry down the 

grade. This floodplain, bordered by low bluffs, is 
it 600 miles long and from 20 to 75 miles wide. Mem- — 


| 


ip Ee 


ing outward, for each 
ito the Gulf to build a p 
base and 268 feet high. Most of th 
marshy: for habitation, and oyor it the 


especially at the river mouth. To 
have been built at one of ths ma 
sonfine the current and cause it to 
keep the channel open for large 
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the mountains, which ts of value for irrigation ; they bring much sedi- 
ment, The Ohio and upper Mississippi valleys are mature, have 
abundant rainfall, and are excellent agricultural regions. They have 
been affected by glaciation, Below Cairo is a brow floodplain, 
Between Wuffs, and farther down a delta, doth mude of sediment 
brought by the river. Where dry enough, bath are excellent farm land. 


_ 207. Smaller Stroams of the East.—From the Rio Grande to 
northern Maing there are a lange number of small streams, indlud- 
ing the Colomdo and Brazos of ‘Texas, the Alabama, Semen Poto- 
mac, Susquehanna, Delaware, Hudaon, and Conneationt, 
‘of the Hudson their lower courses are across the coastal A 
in shallow valleys consequent on the slope of the plains, Sink+ 
ing of the Jand has made most of the larger streams navigable 
in their lower courses, In some cases, especially in the North, 
where sinking of the land baa been greatest, vessela can pass far 
inland, The importance of this is well iMustrated by the Chesa- 
‘peake, Delaware, and Hudson valleys. 
From Alabama northward the headwaters of the large streams 
‘are either in or west of the mountains, This fact has been of 
portance in many cases, since it has opened water gaps 
into and across the mountains (pp. 309 and 891). North of New 
Tereey the streams have all been rejuvenated by the effects of the 
glacier, and their courses obstructed in places by rapids, falls, and 
the importance of which has already been pointed out. 


| Summary. —Ay a result of sinking of the land, many of the small 
Sevesnit of the Bast are naviguble in their lower courses; sume fare 
nish openings into and ucross the Appalachians ; and iw te Nardh, 
has caused many rapide, falls, and lakes. 











F 
| 208. The St. Lawrence System. — This remarkable river 
item includes five of the largest vight fresh-water lakes in 
‘the world (p. 162). Theso are connected by short rivers and 
raits, in several cases containing rapids or falls, including 
wonderful Niagara, The lake basins are very deep (p. 161), 

bottoms of all but Erie being below sea level. 
‘The St. Lawrence flows ont of Lake Ontario, not in awell- 


& 


it falls, large ships, 
end of Lake Superior (p. $11). 
‘The exact proglacial condition of 
‘not yet fully eae Tuis 
continuation of its valley, between 


Newfoundland at the edge of th 

‘The inland continuation of this valley 
present St. Lawrence, but Ottawa Ri 
‘of the St. Lawrence system. Above 
to be made of parts of several systema, 
glial crosion, dams of glacial drift, a 


the St. Lawronce above Montreal, nor: 
‘connect the lakes, are in preglacial 


Notwithstanding the great volum 
is being done along most of the St. Lawn 
nation of this is that the lukes, and o 
the water of its sediment, therefore t 
power. Consequently, though young, 
rence streams flow, not in gorges, but 
Niagara River, which furnishes the o 
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to this, has peculiar conditions. Leaving Lake Erie clearand 
freo from sediment, the broad Niagara loiters along past Buf- 
falo, almost on the surface of the plain (Fig. 488). At only 
‘one point in its upper course is there rapid water, where it 
crosses a ledge of rook near Buffalo, The river divides into 
two channels around the low Grand Island. The valley is so 
young and undeveloped that the channel on one side has not 
been deepened enough to rob the other of its water. 

Just above Niagara Falls, 15 miles from Lake Eric, the 
stream is again divided, this timo around Goat Island. Here 
the flow in each branch quickens, and soon the water is tum- 
bling along tumultuously as a series of violent rapids. Then 
it drops ax a great cataract, 160 feet high, divided by Goat 
Island into two parts,—the larger, ot Horseshoe Fall, on the 
Canadian side, the smaller, or American Fall, on the Ameri- 
can side. For 7 miles below the cataract the river rushes 
rapidly through a gorge 200 or more feet deep, and 200 or 
300 yurds wide (Fig. 485). In two parts of the gorge there 
are decided rapids, aud at one point a whirlpool. 

‘The top of the gorge is at the level of the plain over which 
the river flows from Buffalo to the Fulls; and the gorge cut 
in this plain reveuls its rock structure. It is made of nearly 
horizontal strata, some hard, some soft, dipping gontly south- 

ward at the rate of about 35 feet a mile. The upper stratum 
in the gorge wall is massive limestone (Fig. 482), beneath 

| which is a series of weak shales. It is these strata, also 
t under the cataract, that make the waterfall possible. 

‘The plain ends toward the north ina steep slope, or excarp- 
‘mont (Fig. 485), faved by w plain about 200 fect lower. 
Emerging from ita gorge at this escarpment, the river flows 
quiotly over the lower plain to Lake Ontario. 

\ An enormous quantity of water, estimated at 167,000,000 
gallons minute, falls over the Niagara limestone (Fig. 
_ 482), which forms the crest of the Falls, ‘The underlying 


_ shales are being removed by the swirl of waters, and 


Pio, 482. —o ustrate the anderoutttag fn. 
Nlugara (modification of Gilbert's dlaye 


American Full has svarcely changed, 
ract has receded to Lake Erie, the sou 
will huve varied them so far into 

no longer be un opportunity for the 
limestone. Then the waterfall will d 


‘Thero is clear evidence that ha 
Lake Erie to outflow over the 

cataract was born, falling over the age 
then tho eatsract has receded for seven 
When the cutting of the gorge first b 
‘broad valley on the upper plain, similar 
above Goat Island. ‘The river gravel an 
time may still be clearly seen on the p 











Fig, 483. —Binl’saye view of Nagnra River, Contrast the broad, shallow 
upper valley with the marrow, deep gorge below the falls 





Fro, 481. —The water escaping bere 's a sinall portion of that used for power 
‘st Niagara Falls, Yet only a vory miniite portion of the enormous power 
snvailable is vow weed, 
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above the present fiver. The gorge could not have existed then. 
Another proof that the gorge has been cut by river action $6 the 
existence of an abandoned fall, similar to the Amerioun Pull, at 
Foster Flats, more than halfway down the gorge. 

As the cataract receded, it discovered a boried ralley beneath 
the glacial drift; and where this buried vaHey leaves thé gorge, 
at tha whirlpool, there is a break im the otherwise continuous 
rock wall of the gorge. The removal of the glacial drift that 
filled this buried valley has formed the elbow in which the whirl 
pool is situated (Fig. 485). 

Tt waa formerly thought that Niagara gave « basis for 
telling the time in years since the close of the Glacial Period. 
Three important facts are known: (1) the length of the 
gorge; (2) the present rate of retreat af the cataract (five 
feet a year); (3) the cataract began as the ice was leaving, 
It therefore seemed simple to divide the distance by the 
present rate; but later studies show that there are many 
causes for yariation in the rate of retreat, of which the fol- 
Jowing ure most important: (1) the limestone is thinner 
at the northern end; (2) the time required to remoye the 
loose drift in the buried is unknown; (3) the volume 
of water yariod ; in at ono time Niagara received 
the waters of Lake Erie only (Figs. 280, 281). Since it is 
impossible t@ tell just how much these variations have in- 
fluenced the rate of retreat, the time that Niagara las taken 
to cut its is not known positively; but there is reason 
for believing it to have been between 5000 and 10,000 years. 


Summary.— The St. Lawrence system is an dmmeature river 
aystem made by the union, largely through glacial action, of parts 
of « number of rivera, Jt conaiate of (1) a drowned tower portion ; 
(2) a middle section with series of quiet, lakedike stretches and inter 
vening rapids; anc (3) an upper portion of great lakes, with connect- 
ing straits and rivers, interrupted by rapids and falls. Little erosion 
ia being accomplished because the lakea rob the water of sediment for 
cuttingtools, Niagara is an exception to this becauae of the ecriatence 
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birth of falls; cause of gorge; proofs of thie; cause of whirlpool. 
@) Agee ‘Age of gorge: facta known ; causes for variation; jrobablo age, 

‘Review Quesr10N6.—201., What isthe situation of the Calumbia? 
‘Tts length and drainage area? What are the two great branches? 
‘What is the condition in the upper part ? a tos lower ae 

202. Describe the Sacramento Valley; ite sitnation; lower portion ; 
size; Jargy branches; small tributaries ; umm of water, 

203, ‘Stato the genoral features of tho Colorado: soures of water; 
size; canyons; lower portion. Describe the Grand Canyon. Why are 
there few tributaries? What is the condition between them? 

204. What are tho surface features of the Great Basin? What is the 
climate? What effects has this on the region 

205. Compare the Rio Grande with the Colorado, How do tl 
differ? Why is thore 90 much irrigation? How does tho volume vary 
‘What is the condition in the lower course? 

206. What is the size of the Mississippi and ite largest tributaries? 
‘What is the origin and form of its vallay? What is the condition in tho 
headwaters? What is the condition of the water supply in the western 
tributaries? Of tho sedimeot? What are the principal characteristics 
of the Ohio? What effects have been produced by glaciation? What 
are the characteristicnof the loodplain; arva; bluffs; meanders; floods; 
‘ewamips ; farm land; levees? What is the condition on the delta? 

207. Name the principal amall streams in the Kast. What are their 
main characteristics? In what ways are they important? 

het ‘What is tho genera} condition of the system? What is the con- 

dition below Lake Ontario? What was the preglacial condition? Why 
ix there litthe erosion? Desoribe Niagara River, What ix the rock 
structure of the gorge walls? How, and at what rate, 19 the catarnot 
caused torrecede? What will happen aa the fall recedes farthor ? What 
proofs are there that the gorge was formed by the river? Explain the 
‘whirlpool. What is known of tho length of postglacial timo 


Reference Books. — Giinrer, Niagara Fails, National Geographie Mono 
graphs, American Book Co., New York, 1895, $2.50; Tank, Chapters 
SaeT, nd 1X, Physical Geography of New York State, Macmillan 

New York, 1002, $1.50; Daven, Studies in Indiana Geography, 
Sites Printing Co, Terre Haute, Ind., 1897, 81.95; Powsst, Exploration 
ef the Colorado River, Waskington, 1879 (out of print); Canyons af the 
Colorado, Flgod and Vincent, Meadville, Pa, 1895, ns Dortox, 
History of the Grand Canyon District, Monograph 11, U. 8. Geological 
Surry, $10.00; Gnanav, Niagara Fale and Vicinity, Bull. 4, Kew 
‘York State Muroum, Albany, 1907, 90.06. 
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built into the tissues. A large 
is made of carbon, supplied mainly 


every part of the oarth's pent 
some places where plants aro n 
ground, in Pipi eatee oem 
that there are other things of vital im) 


possi 
the liquid parts are frozen and ‘eannotl 
ice-covered interior of Greenland, thr 
perature is always below freezing, all 
Many plants are not injured by being 
year, but are able to resume growth 
All plants, even the lowest forms of 
when subjected fora short time to 
boiling point. This is ‘because such 
tissues which destroy their power of 
oe 








Pra. 487. —Open forest of u 


llsobs have become because of the lack of light whist far fail 


orest of large trees in western 
forna thrives in the tarest sbade, 





Fia. 489, Negro woman 
fing in the tropical 20% 





Fro. 491.—A view of the eavanna of Africa, a nogro village in tho foreground, 






Tho, 420.—A banyan tree, {a tropleal In- 
din, with roots doscending from the 
lower branchos. 






Fi. 494. ~The dense tangle of the tropical forest. ‘The opening i the mde 


is where & path extends through the formst. 
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fe a lives on ibs lores pean ihe Cea 
frozen all the year excepting a few weeks in 
er "when, it lives in ice-cold water. Certain lowly plants 
in the hot springs of Yellowstone Park, whose water, 
h to destroy most plants, is not up to the boiling point. 
@ instances show that plants may become adapted to very 
rable surroundings ‘They could not live under any other 
° yet no other plants could live where they do. 
- Summary.— Even the lowest plants are unable to live where the 
temperature always remains below freesing, or where if rians to the 
boiling point even for a short time; but many survive a period of 
Sreeaing, and some live in the water of hot aprings. 
eae Importance ae ee sunlight is also of vital 
portance to for by its @ green cells change 
carbon dioxide to carbon and oxygen. The branches and 
Teaves of plants aro, therefore, arranged to scoure air and sun- 
light; and many forest treos lose their lower limbs (Fig. 487), 
or even die for lack of light. 
growing in dark places, like potatoes sprouting in a collar, 
are and tender, and thelr lack of color shows the absence 
ot important chlorophyl of the green cells, It is because of 
of sunlight that no plant life exists on the ocean bottom, 
low plants do grow in darkness. For example, a weird- 
looking, pale white fungus lives in coal mines and caverns, where 
nog ‘of sunlight has ever entered. ‘This ix another instance of 
ife may adapt itself to very unfavorable surroundings, 
. an is needed for the change of carbon tonite to 
carbon and oxygen; therefore very few plants live in dark placss, 
212, Importance of Water.—No plant can live without 
water; for it circulates among the tissues, bearing food and 
other materiale from one portion to another, as man’s blood 
does, Tn trees this plant blood is commonly called sap ; and 
when it rises in spring, the plant awakens from its long winter 
sleep oe bursts into leaf and flower. 
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and branches. Water plants, on the other hand, aro usually 
loose-textured, and flubby, because they live in a denser 
medium, which buoys them up so that they do not need great 
igth to resist gravity. Such plants as sea weeds, which aro 
posed to waves, require a tougher texture. 


Summsry.— The influence of gravity causes plants to send roots 
[Beacons anxuron, woody stems straight upward, 
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* ‘From what has boon said, itis evident that the distribu- 
‘tion of plants is influenced by surrounding conditions; and 
ince there ig much difference in the climate and soil of the 
earth, thers are great differences in plant life. 
215. Influence of Climate. — Climate is the greatest factor 
determining the distribution of plants. Some species, 
ly the more lowly, have a wide distribution and are 
adapted to many climates; but most plants of higher orders 
Bes ered for only one sot of surroundings. For example, 
a ee requires a warm, damp climate beyond the reach 
ee; cotton grows best in # slightly cooler, though still 
= sunny climate; corn, though requiring a long, warm 
mer, grows much farther north than cotton, and wheut 
be raised in w climate too cold for corn. Wild plants 
are limited in distribution in similar ways, 
~ There are, therefore, zones of plant life similar to the 
of temperature. An Arctic plant will die amid tropical 
48 certainly asa tropical plant will perish when exposed 
the frosts of a temperate winter. ‘The plant life, or flora, 
moist climates also differs from that of arid climates. 
differences may be best understood by studying the 
nt life in several climatic zones. 














Summary — Mere are zones of plant life, similar to those of clt- 
e § for, while some lowly plants are adapted to several zones, 
Plants are waually fitted for life in only one, 
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216. Arctic Flora.—In the Arctic, planta 
soon as the frost melts, and quickly flower 
for the season is short. Licheng in grent variety ¢ 

rocks (Fig. 486), and many mosses and water-k p 
live in the swampy soil. There are grasses, numerous: i 
ing plants, and species with woody tissue, including dia! 
willows and birches—true trees in all respects but 
‘They cling close to the ground, not rising high becaust 
is important that the first snows shall cover and x 
them from the cold blasts of winter. The short 
season, and the bitter winter cold, prohibit the growth of tree 


Vor more than two thirds of the year, while the 
is below the freezing point, plant life fa dormant; bar in 
summer season the sap flows, the plants grow, mad 
is covered with @ mat of groon, dotted with bits of color, Tet 
only the surface soil is free from ica, for at depths srenter this 
two or throe fect frost is ever present. 

Summary. — In the short Arctic summer, when frost melts free 
the upper layers of svit, plants grow rapidly, clinging clone te te 


ground to secure protection from the winter eald. 










217. Temperate Flora. — Neur the margin of the 
zone in both hemispheres is a timber line of low, 
struggling for existence amid unfavorable 
trees are all of hardy varieties, some evergreen, 
oua, that is, shedding their leaves in autumn, ) 
have tough, needle-like leaves which withstand 
winter, falling only in spring, when new ones: 
place, Among the common evergreens are spruce, 
balsam, fir, and pine. a 
Tn the warmer part of the temperate zone de 
increase in number and variety, including the 
maple, oak, elm, chestnut, hickory, ash, nu 
other species. There are also many fruit trees 
pear, peach, and cherry. Those trees, which 










om 


ynd blossom in spring, and bear fruit in summer and fall, 
checked by the autumn frosts. ‘Their sap then ceases 
flow, the leaves assume brilliant colors, then fall, and for a 
the trees are dormant. They lay aside their activity 

‘ing the season when active life is inj 


‘trees do not grow, for example on dry plains, and on 
ies (p. 77), ou which, however, grasses and many 
plants grow luxuriantly. In other places tree ieee is 
bby and of few kinds, aa in sandy soils which support only 
and onks. On the other hand, there aro places where 
climate and soil favor a luxuriant forest growth. Every 
of the Jand is occupied to its fullest extent by plants fitted 
there. 


‘One of the most remarkable instances of plant growth is in the 

rogion af “ big trees ” on the west const of United States (Fig, 488). 

a fertile soil, adamp, equable climate, and absence of strong 

encourage the growth of enormous trees. Only in south- 

eastern Australia, ares similar conditions exist, aro thoro trees 

rivuling these in size, Some of the Culifornis trees are 300 feet 
‘igh, 40 feet in diameter, and fully 2000 years old. 

cig d mth zone, tree growth ceases, the timber 

rT ‘marked by scraggy trees, both evergreen and dectduous. 

D iW trees Guerease in.aumber and variety a the warmer parts 

the temperate tone Plants rire adapted to the winter season én 

+ by suspending activity, by dying down to the ground, 

‘by. dying. completely, leaving seeds to continue the species, 

re are many differences in flora according to temperature, ex 


humidity, and soit — q 





thchert oi Sal 


subtropical flora of t 
and the tropical flora are quite alike in 
growth, und in the absence of a dormant. 


ing deep into ‘the ground and sp 
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of water; the mesquite, for oxamplo, has several times as 
much woody matter below ground as above it. Water is 
ie “stored in these roots for use during the long droughts. 


Desert plants have many devices for existence amid their un- 
- favorable surroundings, In order that the surfade for sraporeiian 
“may be reduced to a minimum, no more leaves are 
are absolutely necessary ; and in many cases the loaves are ‘vall 
"and tough, or are even reduced to spines. In the cacti (Figs. 495= 
497), which are especially well fitted for desert life, water is 
stored in the tissues; there are no true leaves ; and the plant has 
@ hard, shiny, varnished surface, through which evaporation is 
‘uslmost impossible. Some species are globular in form, thus ex. 
‘posing the least possible surface to evaporation; and the sharp. 
 Arritating spines protect them frowr many kinds of animals which 
amight otherwise devour them. Many desert plants repel plant. 
eating animals, as the common sage brush does, whose tough, pale 
Breen leaves have a disagreeable odor and tasbe, 

Sunlight, temperature, and much of the desert soil are favor- 
able to abundant plant life; but water 1s lacking. It is re- 
amarkable that any plants should be able to adapt themselves to 
Jife where rain comes at intervals of months oreven years. ‘That 

this ta the only unfavorable condition is proved where oases exist 
n the desert, or where irrigation is introduced. ‘Then the watered. 
"desert supports plant life in great variety and luxuriance, 
¥ 

Summary, — Because of lack of water, the desert flora i's scattered 

and many devices are arlopted to stove enough water to lant through the 
| periods of drought. The tuxuriance of growth on oases and irri- 

| ee ee Foe thos seal for shor 
- 221. Mountain Flora. —In every zone the flora varies with 
| altitude. A temperate flora is found on mountain slopes in 
the tropical zone; and an Arctic flora on mountain tops in 
ite zones. Thus, species growing in Labrador and 

are also found on the top of Mt. Washington. 


~_ Byon in the tropical zone there ie a line, the timber line (p. 96), 
abora wie if fs too cold for trees to grow. This line, marked 














Pres, 4085, —The prickly pear, one of the Fin, 408,—The tree Ynew of southe 
‘ily eactl. weatera United States. ‘The man 





\ on the right gives an Koa of tho 
\ ‘size of this plant. 





fro. 4471, — A group of eact!, showing rounded forms and splay surfaces. re 











Fig. 409. —~ A cluster of palms uear the Pyramids in the dosert region of Eaypt 
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AB 
Dies hthg = Sitop. tbe land is so 
te ult for a sper to Mr Pens 


necessary ny 
spread, Seog, ny 


possibly find a chance to grow, for some 


fur of animals; and some, like the applo or peach, are 
d with an edible coat, Animals eat these froits, often de- 
‘the hard, protected sceds far away from the parent plant. 


and animals are the two agoncies most i 
plants. Because light seeds are so easily car- 
y ‘the wind, light-seeded plants are most widely dis- 
Rivers also float seeds and plants from one place 
rand ocean chrrents may drift them even to oceanic 
in hax become ant important agent in distributing 
the earth. He eurriés cultivated plants from one 
another, and also distributes many weeds. In this 
Canada thistle and the white field daisy, now eom- 

ds, were brought to the United States. 


Fy. — Plante are distributed mainly by sents ; and wince 
Gre destroyed, fier more are produced than could possibly 
pare largely distributed by wind and by animals, with the 
interesting devices ; also by rivers, ocean currents, and 
‘Light-seecded plants are most easily and widely distributed. 


se 
224. Barriers to the Spread of Plants. — If seeds from the 
land fall upon water, they do not grow unless drifted ashore. 






that are adapted to desert life, 
becuase plants at their base will no 
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spring up from chance seeds, and, being better fitted for the 
struggle than carefully nourished, cultivated plants, take 
complete possession of the garden. They tower above the 
_ cultivated plants, shutting out light and robbing the roots of 
“water and mineral food. Under such conditions the culti- 
vated flowers are small and imperfect. 
Because of this struggle for existence plants ure steadily 
changing; and those that best fit themselves for the struggle 
“have the best chance of surviving and spreading. This has 
_ been called the survival of the fittest. In this struggle planta 
_ have fitted themselves to survive the cold of winter; to live 
amid the unfavorable surroundings of the desert; in fact, to 
| grow among most conditions on the earth’s surface. Fossils 
in the rocks prove that similar change, or evolution, has been 
ia progress for ages. 
‘The following will serve a3 illustrations of how ita ate 
to vary with environment, that is, to undergo evolution, A 
tain, rising above the timber line and bearing an Alpine 
lori, is slowly worn down to the low, hilly condition of maturity. 
‘the plants cannot adapt themselves to the changes in climate, 
lope, and soil, they must give place to forms better fitted, 
‘The effect of the ice sheet offers another illustration. As it 
over the land, it either drove out or destroyed all life; 
and near its margin the climate was changed from warm to cold, 
‘so that the plants living there either had to adapt themselves to 
| the changes ordie, When the glacier melted away a new soil was 
“uncovered, and n struggle ensued for possession of it. The light- 
led plants came first, and even now the heavy-seeded plants 
are slowly advancing northward. These changing conditions have 
some species to evolve new characteristics. ‘The history 
of plant lifo during past ages has boen a succession of changes 
| by which plants have become better adapted to their surroundings. 
Plants undergo many changes as a result of their Folation to 
animals, Since animals depend on plants for food, some méans 
be provided to prevent complete destruction. For this pur- 
hard wood, thorns, bitter taste, and other means have been 


constantly p 
ties of flowers and fruit, This is done by 
to work more rapidly than it does naturally 


chunges may be caused in w fo 
processes, might require centuries. 

Summary. — The atruggte of plants to 
swrroundings, that is, the struggle for 
where and always in progress, causes toedher 
results in the survival of the fittest, Slow ol 
land form cause variation, or evolution, tn planta, 
brought about for the purpose of protection from, 
animals ; and man és now causing changes at a far’ 
than evolution naturally worke, 

226. Plants of Value to Man. — Man, like 
of the animal kingdom, depends for food upon 
though he may feed on meat, the animal 
receives nourishment, directly or indirectly, 


d, at all seasons, that there is 
special provision, But in elimates with 
it is highly important to provide a store o 
ing the unfavorable season. This need 
vation of food plants. 
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portions of plants most useful for food are those in 
nourishment has been stored to aid in the 
ee Rah iE eis oe 





expecially those ralltyated. in the temperate zones, 
» been so improved that they are now quite unlike the 
plants which savage man first ute. The moat im- 
nt of these, including the orange, apple, pear, peach, 
grape, wheat, barloy, oats, and rye, have been carried 
parts of the world. In the case of many, the source 
t now known; but most of our food plants apparently 
Be from Asia, where they have been cultivated ed thou. 
of years. America hos added the potato, tomato, 

i and Indian corn, or maize, a3 well as tobaceo, 
nts also supply us with materials for shelter, clothing, 
e,and other purposes. Cotton (Pig. 603) is the most 
of the several plant fibers used for clothing. In all 
wood is used both for shelter and for ornamental 
0 Sugar (Fig. 501), coffee, toa (Fig. 592), eocon, 





of vital importance, are much used by men, The list of 
ble planta is a very long one. 


food and clothing, plants are carefully cultivated ; but for 

it has been customary to depend upon the forest, which 

ws without care. In ‘parts of Karope, however, so much of 
forest has been removed that it has become nevexsury to eulti- 
even the Yorests, planting the trees, weeding out the poor 

es, and carrying on lumbering with great care. ‘The time has 
ved in America, when the forest needs to be eultivated. 
ngly, both the national and state governments have set 
 Targe tructs us forest reservations. A division of the 
hal government is known as the Bureau of Forestry, aud a 









planta; anouals; treeless 
218, Tropical Flora, — 
219, Plora of Savannas and Steppes. 
220. Deait Flora. — 
ensti; plants with 
‘201, Mountain Flora, — "Tropical some; 
Alpine flora; flora of desert highlands. 
‘222, Water Plants. — Position; kinds; 
208. Means of Distribution, n 
spread; distribution — wind, aniinals, 
‘244. Barriers to the of 
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226, Plants of Value to, Man.— Dopendence on planta; plant food in 
yi climates; in places with an unfavorable mason; parts of plants 

d; improvement; important food plants; source of food plantes Amerl- 

: de Jor ther purpose; care ofthe forest 

do plants take from the air? 


to land plante? Why ia fertilizer uscd ¢ 
214. State the effncts of gravity on land plants. On water plant. 
How are plants influenced by climate? Give illustrations, 
LG. State the peculiarities of plant life in the Arctic. 
217. What are the conditions of tree growth newr the frigid sone? 
warmer temperate zone? In what ways are plante adaptod to 
ter conditions? How does the flora of the temperate zone vary? 
yat conilitions favor the “ big trees"? 
218 What is the subtropical flors? Name some of the tropical trees, 
hat are the characteristics of the tropical forest? 
What are the characteristics of the flora of savannas and steppes? 
220. How are desert plants fitted to survive periods of drought? How 
ey protected trom animals? What, do the onses prove? 
221. What changes cecur in the flora of mountains? Compare Alpine 
Arctic flora. What are the conditions on highlands in deserts? 
2 FS Kine of plants thrive in water? How are trees adapted 


623. Why are so many sods inced ? What devices are there to 

i ‘the spread of seeds? By what agencies are plants spread? 

t- Why is water a barrior? How is it certain that the ocean is not 
late barrier? What other barriers are ther ? 

‘For what are plants struggling? Givo an illustration. What is 
ult of the struggle? What do fossils prove Give two itlastrae 
‘of how changes on the earth may influence evolution. What ie the 
of the relation betwoen plants and animals? How is man influ. 
‘evolution? 
|. How is man dependent on plants? What is the condition in 





amp planta are different from 


arv raised in your vicinity? Wha én 
there a difference in crops according 
plants valuable to man, their prineipal 
they come. Let each stadent make a! 
the whole clues. 


Coveren, Plast 








Poe 82 — Pickus tow in Todi rs 





| Fra nit. — A pineapple Geld in the Hemtaw TalamAa 


CHAPTER XVIIL 
DISTRIBUTION OF ANIMALS. 


227. Influence of Surroundings. — Plants and animals aro 
alike in being dependent for life on their surroundings. 
Like plants, all animals, evon those on the sea bottom, neod 
air to breathe ; all roquire water for their blood and tissues; 
and for all it is necessary that the temperature shall be neither 
too high nor too low. Temperatures near the boiling point, 
or long continued below the freezing point, are fatal to animal 
tissues. Many, eapecially the lower animals, are able to sur- 
vive a period of freezing ; others protect themselves by a coat 
of fur, feathors, or fat; and some, such as bears, lie dormant 
in a protected place during the cold season. 


Most water and many land animals are cold-blooded; thnat-is, 
‘heir temperature changes with their surroundings, ‘They re- 
quire ¥o little nir that many of them obtain ail they need from tho 
water, Other animals, the birds and mammals, aro warm-blooded, 
the warmth being due to slow combustion caused within their 
bodies by the oxygen they breathe (p. 229). Such animals require 
mu¢h oxygen and, oven if they live in water, as the whalex do, 
munt rigo to the air to obtain it. Those that live in water, or in 
cold climates, need to protect themselves by a warm covering in 
order to keep the warmth in their blood, 

Animals differ from plants in the way in which they eecure 
food. While some remain fixed in one place, depending on 
supplies brought to them, as plants do, most animals aeck their 
food. They need carbon and mineral substances, but are unable 
to socure them directly from air und earth. They depend upon 
plants to perform this work, and the basis of animal food is, there 
fore, plant life. Even the food of floshesting animals may be 

24 303 















¥10. i, —Polar beor and Arctic soul. ‘The 

logs of the seal aro changed to full 

appendages, axed for swimming aol for 
singe upon the loo. 





720, 208, — Arctic whale, The Tegs havo almort disappeared, and the tail is 
for swimming. ‘mouth of this whale ls ® lange aiBdURe of: 
‘halebaoe, an the vilges of which are fringes which steals from te wat 

(uy small animalouls upon which tho whale Iivon, 


DISTRIBUTION OF ANIMALS. 855 


live in the ice-covered interior of Greenland ; but in and near 
the Arctic Ocean there is much life, especially in summer. 
‘There are many kinds of fishes and other sea animals, and 
@ great variety of sea birds feeding on them. When the 
freezing of the sea and land cuts off their food. supply, most of 
the birds are forced to go southward ; wild geese, for instance, 
which spend the summer on the tundras of northern Amer- 
dea, fly us far south us Mexico. Other species go no farther 
south than Labrador and Newfoundland. During the sum- 
mer, birds congregate in great numbers in their breeding 
places and, when frightened from their nests on the cliffs, riae 
into the air in clouds, B 

On the land there are crows, ptarmigans, and some amaller 
birds; also hares, foxes, reindeer (called caribou in America), 
and musk ox (Fig. 505). There ure practically no reptiles, 
for the great cold ix unfavorable to such cold-blooded animals; 
but there are numerous insects, of which the mosquito is 
especially abundant, 

A number of mammals live part orall of the time in the 
sea. The polar bear spends most of his time on the sea ice, 
seeking the seal for food (Fig. 506). ‘There are walrusex 
(Fig. 507) and anumber of species of seal,— warm-blooded, 
air-breathing mammals, which now and then leave the sea 
for a short time and take to the ive or shore, Whales also 
live in the Arctic (Fig. 508), but, though air-breathing, they 
never leave the water, 


‘The warm-blooded animals are well adapted to fife in the severe 
Arotic climate. They ure well protected, the birds with warm 
feathers and down, which keep out wind, water, and eold, the 
mammals with fur or fat, or both. In winter, when most needed, 
‘the fur is thickest. Eider down and the fur of the fur seal of 
Bering Sea are highly valued for their warmth and beauty. 

Many Arctic animals, like the fox, hare, and polar bear, are 
white like the snow and ice around them, thus escaping notice, 
‘both from their foos and their proy. ‘The ptarmigan becomes white 


Gaede eo a 


229. Temperate 
life is more varied, and differs g 
Certain species, like the bison CF 
adapted 


tain sheep and chamois, to high n 
jack rabbit, coyote, and camel, to 
the blindfish, live in eaves, | 
‘are not needed in the darkness. 
sep woodchuck, prairie dog, and 
pending part or all of their lives u 
the owl and wild cat, sleep by day 
the majority rest when it is dark. 


An enumeration of all the animals of | 
be along list, for there is much variety 
reptiles, insects, and other groups. Am 
eagles, ‘owls, humming birds, thrushes, 
singing binds; and along the const there 
cluding gulls, terns, ducks, and anipe. 
bear, fox, wolf, deer, antelope, elk, 11008, 
hare, besides others mentioned above 
pecaliat animal of the United States is the 
longs to the same division of the animal kingdo 
‘Many animals of the temperate zone are p 








Fig. 009, —A group of cold temperate American animals. 





4.030. —A group of aulmals of wentern Unized Beatin Saas i 
‘oF on the arid plains and plateange 


SS 


- DISTRIBUTION OF ANIMALS. 857 


ighly prized by man. Far-bearing animalsof value, eluding 
+ otter, sable, and beaver, are found especially in the om 
|, where they are still hunted ‘The beaver (Fig. 609), a 
sting animal, cuts down trees and bushes with which to il 
‘to make ponds and awamps in which its plant food grows. 
inp to ad flat tail are especially adapted to this work. 


mary. — Animal life in the temperate zone ix abundant and 
Fedifecent pecan being culated to life on the prairies, in the 
6 on mountains, in arid lands, in caves, and underground. 
y mammals have fur of value to man. 


‘Tropical Fauna. —Since plants ure the busis for ani- 

animal life thrives where plants abound. Hence, 

‘als aro abundant in the tropical forest. Tnnumerablo 

ts, foeding on pollen, honey, leaves, bark, wood, or decay- 

some in trees and some on the ground, furnish 

countless birds. The insects include many beauti- 

; also the interesting white ants, or termites, 

build great structures of earth in which to dwell. 

birds, Fpelnding parrots, paroquots, humming birds, 

ls of paradise, number thousands of species. Thero 

many reptiles, including turtles, alligators, lizards, 

Among the snakes are venomous species, and 

constrictors, which, hanging from the trees, resem- 

fhick vines. One of the lizards, the iguana, attains a 

of several feet. The mammals include the lion, tiger, 

etamus, rhinoceros, giraffe, and elephant of the Old 

511, 512), and the jagnar, puma, tapir, arma- 

Reged sloth ‘of the New (Hig. 514). There are also 

V8, orung-outangs, gorillas, antelope, deer, zebras, and 
other mammals, 


1. — The abundance of plants in the tropical zone permits 
of a great variety of insects, birds, reptiles, and mammals. 


f Desert Fauna. —A complete list of the desort ani- 
would be much shorter than that of a humid forest 













limited fauna of the desert po 
States. There the chief an 


upon which they feed; and still 
long distances to them. The 


pouch; its broad, flat feet are 
sandy surfaces; and its nostrils may. 
which the wind blows about. 

— The dryness of the elimat 
Soon, Limit animal life in the desert ; bul so 
are peculiarly adapted to such a life. 

232, Freshwater Fauna. — Rivers 
faunas, including especially fishes, 
tebrutes, or animals without a backbone, 
are of value for food, and some, sach as 
come from the sea into fresh water to lay 
ber of birds and mammals, such as the: 
mink, hippopotamus, and manatee or 
part or all of their time in fresh 
plants aud unimals, Many inseots 
frogs, salamanders, ete.) breed in 
during a later stage. Numerous 
diles, alligators, turtles, and some 








rho. 612 —A group of soetborn 
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‘There are many differences in fresh-water life. For example, 
the faunas of muddy water, sandy bottoms, swampy ponds, 
quiet water, and flowing rivers are quite different, Gold 
water supports less abundant and varied faunas than warm; and 
salt lakes have very fow animals, The Dead Soa receives ita name 
‘because of the general absence of life, contrasting strikingly with 
the fanna of the neighboring fresh-water Sea of Galilee. 

‘When arma of the aoa aro inclosed and changed to fresh water, 
most of the marine animale die, though some specios may survive; 
also marine animals thatenter fresh water may be prevented from 
retarning to the sea. ‘The landlocked salmon is a sea fish that 
‘has adapted itself to permanent life in fresh water. 

~ Summary. — Lower invertebrates, insects, jlsh, birds, mammals, 
amphibia, and reptiles ave adapted to life in fresh water; anc faunes 
vary with surrounding conditions, 

233. Homes of An‘mals.— Asa whole, invertebrate animals are 
liarly suited to life in water. Insects are the principal exeep- 
|, though spiders, ‘snails, and other invertebrates are also land 

While most insects live on land, many live in fresh 
water, and a few in the sea; and some, such as the mosquito, 
spend the carly purt of their life in the water, 

Reptiles and amphibia are inhabitants of both land and fresh: 
‘water, though some, like the turtle, live in the sea. 

While some birds, such as the penguin, ostrich, emu, and thea, 
are unable to fly, most birds are especially fitted to live partly in 
the air and partly in trees or on the ground. Many, like the 
duck and penguin, spend much cf thoir timo in the water, 

Mammals are mainly lund dwellers; but the limbs of the bat 
have been changed for use in flight, and of the seal, walrus, sea 
cow, and others for use in swimming, Not a fow, like the 
"monkey, sloth, opossum, wild cat, and jaguar, spend most of their 
Lives in trees. 


“Sammary.— Invertebrates are typically water dwellers, though 
some groups, expecially most of the insects, live on the land. Reym 
‘Gilex cond amphibia are land ancl water dwellers; birds, typical air 
dwellers, are also found in the water and on the ground; mammals, 
typical land dwellers, are also found in the air and water. 


" g 
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Sewer / 
woe migrated to all parts af he earth, siting themaclves by evolution 
their mrroundings. Ocean and slying animals are most widely 
[istributed, while land dwellers move more slowly and are often corm 
fined to very limited areas. 

f) 995. Barriers to"the Spread of Animals.— ‘The sprewd of 
jimals is interfered with by the same barriers ws in the cuss 
pf plants. Water is the greatest barrier, but it ix overcome 
flying animals and by those small forms that may be 
tod, clinging to logs. ‘The tropical forest is a burtier to 
desert animal, and the desert to one that needs water 
avery day. Nor can animals accustomed to a warm climate 
to life on plains, easily cross ta the other side of « eold, 
mountain range. Thus very different faunas may 
‘ist on opposite sides of such barriers, though some species, 

jally those that fly, will be the same on both sides. 


@ Sommary. — The same barriers — water, desert, and mountain— 
peifect both animals and plants > they are most casily overcome by 
fying animals. 


(236. Island Faunas.—The influence of the ocean as a 
Pee ix well illustrated by the Bermuda Islands, which lic 


ut 600 miles cast of the Carolina coast, the nearest land. 
yy have never been connected with the continent, and yet 
"be animalsand plants are quite like those of the mainland, 
flora includes the cedar and other northern plants, and 
Rotus, palmetto, oleander, and other southern forms. 
‘The fauna consists principally of insects and birds, in- 
ing ground doves, redbirds, bluebirds, and catbirds, tike 
on the mainland. A small West Indian lizard is also 
id; andl there are bata, the only native mammals. 
Whe lizards. and some of the insects, were probably drifted 
we ‘by ocean currents ; tho birds, bata, and many insects, 


Azores moans hawk, and Galc 
because these animals were © 
covered. Animals have cro 
most remote islands, like the H 


are both peculiar. Among the | 
wary, two running birds; also p 
peculiar kinds, The mammals 

supiala, the very peculiar monotr 


613), which, unlike other mam 
pials, another low order of my 
belongs, include the kangaroo. 
young in a pouch, and, instead 
means of thele long hind legs 
higher forms of mammals inhabit 
Indies, they have not found their 
‘The explanation of this peculiar 2 
the rocks prove that, far back in time, 











‘Therefore, 
the geological are today lis 
uh ov Prantl ‘They remai ae 
yuse the ocean protects them from the invasion of 
‘Even dogs, introduced by man, and now fun- 
are playing havoe among the defenseless marsupials 


Bere care aiuto hat bacw sole, car dua toe 
united with other lands, 


t Joss so than those of Australia. The huge condor 
the largest of flying birds, lives there; also the rhea, a 

d, sometimes called the American ostrich; the Nama 

he sloth; the anteater; 


ions. peculiar animals exist in South America, while 
rt of them extend up into southern North America, loads 
that South America has also been out off from other 

ot for so long a time, nor so continuously, as 


— The peculiar fauna of South America also indicates @ 
u ver lands, but not so long or so continuowe 


‘of Other Continents. — There is much closer resem~ 
the life on other continents. In the north tem. 

there is such resemblance as to lead to the belief that 
n even better connection in the past than at present 
hairy olophants (marmmoths and mastodons), now 
din Siberia, Europe, and North America; aud among 





as 


‘animals of different kinds on o 


241. Influence of Man, — Man 
agent in causing changes among. 
the world he has come in as an e1 
for his food or killing them 
result, he has caused such a 
mals that, in parts of America 

Some species, like the bison, ha 
(Fig. 518). Others have complet 
‘the mammoth and mastodon, with wi 
man doubtless had something to do. 
bird in the island of Mauritins, and 
so vormmon along the northeastern 
been exterminated. The eggs of 
numbers, and the bird itself, which 
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Fig. 516. —Sheep in the Soottlsh Highlands A 
animals to endure the cold of & 


ia, G17, —Shetiand ponios, #0 protected by a henry 
‘thrive in the raw climate of the Sbatiatd 





on kinds, 

others, Unter his injluence, other animals have had 
greatly inoreased ; but there (aa limit to men's power oF 
animes into climates forwhich theyare not waturally fitted, 
nestic Animals. —Man hax been very successful 
auimals to his needs; and, by so doing, he has 
1 d his own prosperity. To have a horse or 
p in his work, or sheep or hens for food, adds 
resourves, He can do more work and maks 
and the most advanced races are those “2th 

ber and variety of domestic animals. 
resist efforts at domestication; it seems 
(¢, for example, to domesticate the lion. Yot 
le how largo n number of animals man uses. 
ar of northern Enrope (Fig. 546) is used as a draft 
for food supply. Eskimo dogs (Fig. 625), which 
hotter than half-tamed wolves, are of great service 
gf and in drawing sledyges over the ice. In the high- 


lands of central Asin the yuk is domesticated; the buffalo 
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Cats, 

eatod 

hena, tut 
As 








‘Fro, 518.—A herd of bison. These animals formorty roamed orur the prairion 
‘and plains of the West tn enormous herds, 











‘Fug. 519.—A caravan on the dosert of Persia, 
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tected young; protection of young; evolution; reindeer; elephants; dire 
Srila ef ooseriuctrealay ct ale dpeliord of Yano anlcoale 
285. Barriers to the Spread of Animals.— Water; forest; desnrt; 





«by Means of reaching islands: onrrenis; Hetty wind; birds at sa 
(e) Other islands: Aseria} Galapagos; Hawall Talands, 
. Faaas.— (0) ‘The animals: birds; monotremes; mar- 





fo Africa and southern Ania; explanation, 

240. Zones of Animal Life.— ‘The zones: names; cause ; boundaries 

241. Influence of Man.—(a) Man axan enemy: caus for destruction ; 
geoern! result; biton; mammoth and mastodon; dodo; aul, (6) Tnfla: 
‘enon in spreading animals: rats and mice; English sparrow; rabbit; 
domestle animals. (c) Limit to influence; examplen. 

242. Domestic Animals, — Importance; instances of domesticated 
sanumimals; birds; New World animals; bison. 

Review Questioxs,—227, What is the dependence of animals on 
coe. and temperature? By what incans is cold endured? What 





4a the difference in the blood of animalk? Why are aniiuale dependent 
its for food? Why are they not dependovt on sunlight? In what 
do animals live? How are they fitted to secure food and 
enemies? Stats the influence of gravity on the body. 

What is the nature of Arctic bird Ife? What le the eondl- 
tlon of fife onland? What warm-blooded animals live in tho rea? How 
‘animals protected from the cold? What about their calor? 
Under what different conditions do temperate animals live? 
oe ‘of the common birds. Mammals, Fur-beoring mammals, 
Why are animals so abundant in the tropical zone? What is 

the of insect life there? Birds? Reptiles? Mamroals? 
Contrast desert and tropical forest faunas, What animals are 
‘in the desert: of southwestern United States? Why are there 
‘How do they secure water? How is the cane! adapted to dort lifo? 
292. What kinds of animals live in fresh water? How do the faunas 


‘Bow may eonrn 
= what situations do invertebrates live? ‘The higher groups? 
Tn what way is the spread of animals made certain? Give 
Mllustrations of wvolution. What kinds of antmals are mont widespread? 
Why? What sbout land animals? 
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CHAPTER XIX. 


MAN AND NATUR 
DEVELOPMENT OF MANKIND, 


243. Early Man.— What sort of life people lived before 
they were sufficiently enlightened to leave any written 
records, we cun judge only by the records of their deeds as 
shown in mounds, monuments, drawings, utensils, weapons, 
and other relics, and by comparison with othor uncivilized 
people of the present day. Written records tell us much 
wbout our ancestry during the lust two or three thousand 
years. For example, when the Roman Empire was develop- 
ing, the Germans and English were rude savages; and still 
earlier, the inhabitants of the Italian Peninsula were in the 
ume condition, Today, both in the Old and the New 
World, there are races that have not yet risen above mavagery, 

‘The study of human development through labor and 
thought is most interesting, even though there are many 
gups that can be filled only by the use of reason and imag- 
ination. Eyer since man has been compelled to earn hia 
bread by the sweat of his brow, the brightest men have 
sought to conquer nature and modify their environment by 
the use of their wits. Steadily through the centuries man 
has acquired useful knowledge from experience; and, as a 
result of his efforts, modern civilization enjoys many advan. 
tages, comforts, and conveniences over savage and semi- 
civilized people. 

7-— But little ty known of man's early ancestry. Through 
labor and thought he has mace wonderful progress in civilization, 

244. Dependence of Man on Nature. — ven the most eivi- 
lized men are dependent on nature, as animals and plants are. 
Man must have air to breathe, water to drink, and food to 
eat. Furthermore, his sight depends on sunlight, and his 
speech and hearing on sound waves, transmitted through the 

ae 469 







370 EW puysical GI 


air, If his home is in a co 
and shelter; and he b 


Tn these respects: 
on nature ; tt tote ane 


hh is learning better how to make wae of 


245. Food Supply. —Man began his 
because of the need of food. The steai 
and wireless telegraphy are the linn: 
tions which began when, to the teeth 
animals secure food, man added 


By using stone implementa, such 98 
Seen ad: hate hy fachionin 
bowas and by making simple Boke fay 
increased his ability to obtain animal foot 
savage rices make uso of such petitivesing 


Asan important souree of fobd, p 
of plants, especially the seeds, fruits, bu 
The mandioca, aweet potato, potato, r 
cocoannt, date. and the graina, inoli 
corn, rice,and millet, are among the I 
gather those, senttered as they are in n 
work, and carly mun naturally found 





4. 02, = Philippine natives, showing how Hittin elothing Is necessary In stich 
‘a hot climate, mi 


: 








Fro. SM, —Makfmo women at Capo York, Gs 
‘summer toplc, oF skin teat. 
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for them. Simple spades and hoes, at first made 
or wood, aided greatly in this worl. 
_ By domesticnting plants Cp. 348) and animals (p. 865) a 
great addition was made to man’s resources. Domestica- 
is the basis of civilization, for it gave man the habit of 
of storing up for x season of need, and of trading ; 
it also depends the idea of property and of the home. 
all the world dependa for food on the former and 
Wherever conditions favor, the land is cleared for 
and the inajority of mankind are engaged in the pro- 
du of food for themselves or for those with a different 
The plow, tho reaper, and the threshing machine 
q taken the place of the primitive spade and hoe, ‘Thousands 
F railway cars and vessels are constantly engaged in moving 
products of the firms to places where men are engaged in other 
puranits, or whore the population is too dense to permit the pro- 
duotion of all the food needed. Agrioultare is by far the most 
important of industries. 
— The davising of simple implements for securing plant 
animat food is the baxis of modern invention. The comesti- 
‘of planta and animals for food ia the baate of our cbviliza- 
Psi the world depentts for food on the farmer aud herler, and 













ire has become the most important af industries. 


"246. Clothing. —In a hot climate man has little need for 
clothing (Hig. 522) 5 but in a cool or cold climate some pro~ 
tection is necessary. Without it man could not oocupy the 
eold temperate zone. Various natural products, including 
skins (Fig. 528), wool, and plant fibers, have been used to 
i the body. Karly Germans and Britons were clothed 

in skins, as the Eskimos are to-day (Figs. 524, 525), 


© ncold climates one of the objects of hunting has always been 
to Secure materials for clothing; and one of the objects of herd- 
Ang is the production of wool and loathor, and of farming, the 

m of fibers for cloth, The principal vegetable bers 
used for making cloth, rope, eto., are cottar, flax, hemp, and jute. 








Pia, 535, — A untof blankets used forshelter by nomads on the desertof Sabara, 





Fig. F277. —Thaiched house in the Philippine Islands, needed for protection from 
‘sun and rain, oot cold, Ut Is raised above the ground to avoid sasnpieas 
and to prevent the enteance of animal pests, which are very troublesowe. 
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nent homes. The use of wood begun in forest regions (Fig. 
528), at first doubtless by the use of boughs, branches, and 
logs ; then of rough-hown boards. Simple log cabins, some 
of which still remain, wore built by pioneers in America. 
Stone houses 
were probably 
first made by 
merely piling 


| the Cape York 
Eskimos. Then 
mad was used to 
fill the orncks, and 





Fro. £29.—A negro village, the huts boing made of 
‘woren branches, a very simple form of abelter. 


or ean em 
ployed in arid countries, us the Holy Land, Spain, and New 
Mexico. These are too ensily affected by dampness for use 
in moist climates; but the discovery of how to bake bricks 
by fire has made the use of clay powible there. In arid 
where trees ure scarce or ubsent, stone and sun- 
bricks ure very widely sod. 


fine wood, brick, and stone houses hare been developed, by 
of improvements, from these simple beginnings 
@old of winter calls for furthor erates than that fur- 
by clothing and houses, Fire supplies this, and it is safe 
the use of fire among the greatest of human discoveries. 
Et has become of value not merely for heating, lighting, and cook- 
fng, butas the basis for much of our modern manufacturing, It 
has Jed to mining of coal, production of oi] and gus, mining and 
manufacturing of iron, and many other industries, As a result 


— 













Fro, 981.— An Indian puedio In Art 
the surrounding country, 


14, ou the top af a mmesa, and overlooking 
‘steep face Is dificult Of access. 











Fro, 882. — Rojo fon the right) of a castleon the Rhine, tu))t iy apostiilom fairly 
safe from aztack 

















¥ra. {2h — Hours built on a steep. billale tn. & 
‘of Naples, Italy, A faw spots om the slope ame ¢ 
land is unfit for oaltivavior ‘The houses arty 


sand fishing ie possi 
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top of steep-sided buttes and mosas (Fig. 531), ‘1 
care a under overhanging ledges on cliff sides (p. $8). 
and 

woes ill 
access (Fig. 
i, for 












Fic, 54. — New Gotnea village, bullt, for proveetion, 
‘00 piles tn the water. 


tity 
fram enemies, Por the sake of protection, hames have 
ated in trees, in the water, on cliff sides, and on hile. 

Location and Growth of Cities — When scattered it 
ser for men to secure sufficient food than when many 
‘single place; but it ix lowy easy to ward off the 
enemies. Largely for this reason, the custom has 
or men, even savages (Figs. 529, 530, 484), to gather 
ities, From their villages, these primitive peo- 
to the neighboring fields, forests, and waters for 
hunting, or fishing, and yet, being near together, 
ly to resist attack. ‘They ure also ready for an ex+ 
n to attack a neighbor for revenge or profit. 

jer in attack or defense easily became chief of the 

‘if powerful enough, ho might become ruler of soveral 
| Even at present nations grow in power and territory 
‘by conquering weaker peoples. Government has become very 
complex, and differs greatly among nations; but, like all our 
wonderful modern life, it had its beginnings in the simple prac- 


tices of our early, uncivilized ancestors, 
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their nt mainly tonearby mines, Can you mention other 
cities whose growth depends on their favorable loca- 

tion? What has helped determine the growth of your own city 7 
‘Summary. — 7%e tendency of people to congregate i conters Hatt 
its origin in tle need of defense, cnck from it has arisen qoverwimenet, 


cities are mainly located on one of the following sites: at the eremaiag 
of traile routes ; on rivers, vapecially at sti pa on har- 
| Bors; on take shores ; near water power ; near miney. 

260. Development of Commerce. — Even primitive men 
desire articles which they cannot produce. For example, 
remote Eskimo tribes will gladly exchange skins for pieces 
of wood; and central African negroes will trade ivory for 
_ simple trinkots, Two ways of obtai ing desired objects are 


| open: one to seize them, the other to give articles in exchange 

them ; and both methods are resorted to. From exchange, 
mimerce his devi 

Objects of trade were early carried overlund, at first on 

by the aid of animals even across deserts and 

one first commerce by sea was carried on in 


lized, caravans crossed the deserts of Asia Minor, bringing 
treasures from Asia, The inclosed Mediterranean offered 
* opportunity for the extension of this commerce by sea and 
for the introduction of Asiatic civilization along its shores. 
A powerful nation developed on the Grecian peninsula, 
its irrogalar const bred a race of sailors, Even to-lay 
Grecka are the sailors of tho Moditerranean. The 
cient Grocks ‘carried their commerce to all parts of the 
“Mediterranean, establishing colonies which later developed 
nto powerfal independent nations, As the boats were made 
larger, the commerce which developed among Mediterranean 
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ther, and bas made people in one section learn from those 
Asa means of communication, writing has developed, 
other features of our civilization, this has been evolved 


which has proved so important an aid in spread- 

‘The telegraph, ocean cable, and telephone, made 

use o€ electrivity, have now brought all parts of 

d world in clone touch with one another, Wireless 

is the last great advance in communication. Te ix part 
of the human race toward higher and higher 

on, in which commerce has had so great an influence 


Summary.— Commerce has davelopet from simple exchanye ear 

ried on among primitive people, at first overland, either on foot ar by 

the «id of animals, and on the nea hy the use of boats propelled hy oars. 

Barly commerce between Avia end Europe, overland across Asia 

and thence in the inclowed waters of the Mediverrancan, made 

erraneon the erate of navigation, The discovery of a 

‘route to Asia, ond of the New World, resulting from the elo 

fen to Avia by the Mohammedana, "have Jet to the develop 

Targer ships ant to the great advances of modern commerce. 

fac, of money, the extension of civitieation, the development of 

il printing, onc communtcation ly electricity are among 
outcomes of the development of commerce. 


co of Man on Nature, —In his progress, man hes in 
profounily influenced bis surroundings. He has 
teuded, and destroyed plants (pp. 348, 949) and ani- 
865). By removing the forest he has'made it pos- 
to ran off more mpidly (p. 50), washing sail into the 
causing great variations in river volume, As % 
streams formerly useful for water power are now too 
some areas, as parts of Italy, France, and Missise 
"had thelr soil stripped off, leaving either bare rock or 
too budly yullied for farming (p. 61). 
ly settled floodplains and deltas, the river courses 
have boon controlled and annual floods prevented. Stream courses 











Pio.541. — A coal mine nt Shenandoah City, Pa. Herp chn ground ts honey eoubedd 
with shafts and tannels, and vast quantities of coal are removed, together 
With assoaiated rook, gront piles of which wre coon near the buildings. 





Fro, 2 — Yack of these deericks marks the site of a boring for il at Tiat--"= 
Pa, tn 270, From those wells large amounts of oil Were obtained A 
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| DISTRIBUTION OF MANKIND, 


| 252. ‘The Spread of Man.—During the development of 
‘man, a4 ontlined above, he has migrated to almost all lands. 
|Starting from some common center, he spread slowly, guided: 
by the same laws as animals, and influenced by the same bar 
riers. Bub man's superior intelligence has permitted hint to 
farther than any species of animal, and to adapt him- 
#elfto all climates. Even asa savage he reached every cons 
tinent and most oceanic islands. The use of boats aided 
him in crossing the ocean barrier; and, by means of clothing 
‘and shelter, he has overcome the barriers of cold climates, 

‘The spread of man bas been in part a slow, steady advanue 
outward in all directions, as in the case of animals, and in: 
‘Parta rapid migration in large numbers, It was such rapid 
‘spread that led to the building of the great Chinese wall (Fig. 
643) as a barrier vo the hordes that moved outward from 
central Agia, Similar hordes from Asis overran Europe- 
and still others crossed the Alps and advanced to Rome 
‘The spread of man hax often been a part of warfare and con= 
quest. ‘This is illustrated by the Roman Empire whieh, by 

caused the diffusion of Romans and Roman civili 
fiom, not only along the Mediterranean shores, but through- 
out western Enrope, even as far as the British Tales. 

‘The discovery of new lands, especially in the New World, 
ius had a great influence on the sproad of man. By the time 
bf Columbus there had been such advance in knowledge of 
builing, including the coming into use of the compass, that 
yen the ocean could be crossed at will. The much higher 
Gfvilization of Europeans enabled them to displace the savage 
becupants, nol only of America, but of Australia and the 
more attractive. parts of Afri Commerce is at present 
fiding in the generul spread of man. 

















Summary, — The spread of primitive man was influenced by the 
wame laws and barriers that affect animals ; but man's superior 
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Summary. — The Arctic is sparsely populated, mainly along the 
coast where there is most anémal food; but in the Old World the 
leer is domesticated, increasing man's chance of living. The Be 
depends on animals for food and materials for ahelter, ctoth- 

, and boats, Life in the Arctic ix xo hard that there is little chance 
advance, ail the energies being needed for obtaining the barest 


"255. Man in the Tropical Zone. —Conditions in the tropical 

are quite opposite to those in the Arctic. ‘There man 

surrounded by an abundance of food, both plaut and 

animal, and he requires little clothing (Fig. 522) or shelter 

. 627, 529, 580). All his needs are met with slight effort, 

land there is little cause for work. Morvover, the climate, 

specially if dump, is unfavorable to work. Under such con- 

itions man resembles animals in being content with bare 

‘neceasities. Being ao easily satisfied, he cannot advance 
‘far in civilization, 


‘This for these reagons that some of the most uncivilized peoples 
of the world to-day are found in hot climates. The Indians of 
Gontrat and. South America, the nogrocs of central Africa, tho 
‘Australian natives, and the Neyritos of the Philippines are 

ples. Among many of these people, as among animals, the 

eating of one another, or cannibalism, is still practiced. Thoy 

ive in the most primitive way, — lazy, unintelligent, superstitions, 

‘snimals. Yot they tall, they think a little, and they know 

the use of simple implements, When brought under the influence 

df civilization they advance, showing that it is only surrounding 
conditions that have kept them so low. 

‘Summary. — In the tropical zone the ease of obtaining food, and 
the amall amount of clothing and shelter neceasary, call for little work, 

which the hot, damp climate is unfavorable, It ix for thuse reasons 

Ratt the least civilized races are found in the tropient zone. 

| 256, Man in the Temperate Zone. — This zono haa been the 

Bp unt of civilization, mainly for the following reasons : 
fed) pestis there is an abundance of food in summer, there 






oped t a 
animals for food ond 25-84 to thee - 


plement; have learned how to use 

art of buildin we discovered the 
plying their needs they have learned to. 
sid. The civilization that developed in | 
teas now spread to all zones, 

Summary. — The need of pronidting fo 
toduter haa causel people of the temperate a 
earied products of different sections have: 
IMs anlvance the cultivation of evapa, the 
art of building, and the use of metals a, 
Thus modern civilization hax arisen, = 

257. Man in the Desert. — Living o 
life in the Arctic in the fact that ther 
men often die of starvation. But the no 
(p. 89) have domestic animals, — 6 
especially, —which help them gre 
makes hese wanderers intelligent a 
could not live amid such su 
hesitate to seize from others the goods 
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‘Desert conditions are so unfavorable that people more civilized 
have not entered to crowd the nomads out; and the desert barrier 
Se aera emit dy eacars eli tanta rn 
on Christ are today preserved among 
habitants of the Old World deserts. 

Oe oes conditions are very different, for there agri- 
ature ia possible. Largo oases, such as tho valleys of the 
phrases and Nile, have been cradles of ancient civiliza- 
Civilization early developed in such situations be- 
it was necessary to work in order to store up food for 
season when crops will not grow; and the surrounding 
rt served to protect the stores of food from invaders. 


Both in the Euphrates and Nile valleys, and in other oases of 
Old World, there developed a wonderfal ancient civilization, 
spread along the shores of the Mediterranean. ‘This an- 
ent culture is the foundation of our modern civilization. The 
were favorable to the beginning, and the Mediterranean to 
‘the sprewd of civilization (p. 377); but the desert barrier has in- 
rfered with the introduction of the modern civilization which 
in other parts of the temperate zone. Consequently, 
‘ ‘cradles of ancient civilization are now far behind the world. 
‘The most advanced of the American Indians were those that: 
lived in similar situations. ‘The Pueblo Indians of New Mexioo, 
Aztecs of Mexico, and the Inoas of South America lived in 
po 8 where agriculture was possible, and where deserts or 
tains offered partial protection from invasion. When dis 
d, these red men were barbarians, far higher than the other 
18, Who were savages. 
mary.— Because of lack of food and water, desert conditions 
unfavorable, and the inhabitants are scattered and nomadic, 
gh greatly aided by thelr domestic animals, The desert barrier 
them from learning from others, and hence they preserve 
anclent customs. The oases, however, were cradles of cactent 
ation, because (1) agriculture wan possible ; (2) it was necessary 























‘food for the unfavorable sewsons; and (3) the desert pro- 
it the inhabitants from invasion, 


layas. ‘Thee moantalon have 
‘iuderlag she migration OF taeee r 
because of 


When their country is invaded, 
mountains; for there is little about 
vaders, and entrance is difficult, while | 
areeasily defended. For these reasons: 
who occupied the more mountainous par 
were far loss affected by the inroads 
habitants of other sections of the 
ancient language is spoken, and 
in it. In the Pyrenees there is a 
called the Basques, who still retain 
Toager spoken by others. In the 


Among mountain people ancient custom 
are preserved. homespun ia 
tains of eastern Kentucky; and peculiar, 
worn by Swiss mountaineers and inhabita 
mountains of Germany. Such places, Hke 
Jast to be renched by new customs. 

Mountain people are brave and hardy, 
hardship, and there are many dangers. The 
plenty of space and freedom, develops a 
desire to be left alone, and resist attempts t 
such reasons that little Switzerland, n 
to seize it, has been able to remain 
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\Yoummary.—ountata are barriers, protecting people’ frqea 
j they are places of retreat defore invaders; in these 
Tanguages and customs linger; they develop a draw, hariy, 

race, 

259. Influence of Coast Line. — Closed seas and irregular 

ousts, having quiet water, encourage fishing and commerce. 

is along such coasts, therefore, that navigation has dovel- 

|. The Mediterranean and the irregular Grecian coast 

lustrate this; also the irregular Scandinavian coast, with 

muny narrow, quiet fiords (p. 209). Here developed 

the brave, hardy Norsomen, who ravaged the coast of west- 

ern Europe, and oven visited America, before the time of 
jumbus. 

The British nation has become “mistress of the seas” 

vecause of the favorable position and coast. No part of the 

British Isles is far from the sea; there are innumerable bays 

harbors; and many of the inhabitants have engaged in 

jing. ‘The separation from the mainland has been of 
highest importance, for it has prevented invasion by 
ynd and has made commerce by water necessary. Tarther- 
pore, these small islands are unable to supply food enough 
for the large manufacturing population that has developed 
there. Yo bring food, and to carry away manufactured 
jucts, calls for ships ; and to protect these und the const 
attack, demands a navy. 

Colonies were established as a source of food and raw 
products for manufacture ; they alxo served as a market for 
anufactured articles, and commerce with them became 
and mutually beneficial. As a result of these facts, and 
presence of coal and iron for manufacturing, the Britieh 
1 has become the greatest sea power in the world, and 
come into possession of the largest amount of territory 

unt any nation hus ever controlled. 
~ Summary. — Protected seas, like the Mediterranean, and irregular 
‘coasts, like those of Greece and Scandinavia, encouraye the deostop= 
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The Spanish and French settlements were far more seut- 
tered, for the Spanish had two consts along which to travel, 
and the French the great interior waterways. Therefore, 
when the French and Indian war came, the English, being 
closer together and able to unite, had a great advantage. 
The success of the Revolution was also in large part due 
to the fact that the Colonists were centered along the const. 

‘The mountains wore finally crossed along the water gaps, 
through Cumberland Gap to Tennessee and Kentucky, and 

the Mohawk Gap to the Great Lakes. When tho 
way to the interior was well opened, migration was rapid, 
because the soil was good, the climate favorable, the surface 
clear of forest, and the land free to all. Soon the central 
plains developed into a great agricultural, mining, and 
manufacturing section. The water gaps and waterways are 
still the loading routes to this interior. 

Weat of the prairies was another great barrier, i in the form 
of atid plains and plateaus, extensive deserts, and lofty 
ynountain ranges. How great barrier this was is seen from 
the fact that, when gold was discovered in California, large 
numbers preferred to travel entirely nround South America 
rather than undergo the danger and hardship of a wagon 
trip across the continent, Now several lines of railway 
cross the mountains; there are mining cities in the mountain 
valleys; and irrigated farms dot even the desert. Man has 
so overcome these barriers that the continent is crossed in a 
few days with ull the comforts of modern railway travel. 

Our country has developed wonderfully, and ina century 
has changed from a weak nation, struggling for existence, to 
one of the great world powers. This growth is not the result 
of a mere accident ; nor is it due to single cause. The 
vigorating climate encourages work, and in fact requires 
it; and intelligent lnbor secures great reward. In a new 
country there are wide opportunities for those who work 
hard, and this fact has helped make the American people 





merce: exchange; need of money; use of gold; spread of ei 


ety writing ; aia electricity. 
1, Influence of Man on Nature. —Life; forest eRe 


ings 
2:8, The Spread of Man, — — Resemblance to animals; aces eae 
use of boats ; of elothing and shelter; slow spread; rapid spread 
‘conquest discovery of new, lands aid of commerce, 
25%. Races of Mankind. — Origin of differences; the races ; boundaries; 


weed effect of surroundings. 

5 ease of meeting needs; effect 

‘of climate on civilization ; instances ce uncivillned people; their condi: 
“tion; possibility of advance. 

256, Man in the Temperate Zone.—(a) Reasons for civilization: 
abundant food; nocd of storing food for winter; need of clothing and 
shelter; varied climate and land form. (6) Nature of advance: culti- 
-yation of erops; domestication of animals; use of implements; of 
metals; art of building; use of fire, 

ee ‘Man in the Desort..—(a) The desert itself: comparison with 

i¢; domestic animals; nomadic churacteristics ; effect of desert 
Pree (4) On onses: agriculture; cradles of civilization ; reasons 
for development of civilization. (c) Euphrates and Nile: early eivili- 
zation; ite spread; present condition. (d) Amerionn Indians 

258, Influence of Mountains. —(«) Barriora; races on two sides of 
‘Himalayas; protection to India; Alps. (0) Retreats: rensons; Welsh 
and Scotch; Basques; Switzerland: ancient customs. (¢) Moantain 

yhnracter 5 Jove of freodor witzerland, 

259, Influence of Coast Line. 1) Closed sens: Mediterranean. 
-(B) Irregular cousty; Gresce; Seandinavin. (c) British nation: nears 
‘oss to sen; irregular const; fishing; island condition; food supply 
‘colonies; commerce; coal and iron; great impartance. 















250. What is the nature of commerce amon 
was early commerce carried on? What was | 
‘merce between Asia and Europe? What in 
nean? What effect bad the Mohamnmdans? 
monuy dopond? Why is gold used? State 

251. State somo of the wayain which man i 
(0) rivers; (0) sewconst; (a) the Tand. 

252. Compare and contrast man’s spread 
‘what ways has his spread been accomplished ? 

‘253. What is the cause of differences amo 
races. Where is each mainly found (Fig. 614) 
aries not sharp? What about the spread of the: 

254. What are the sourges of food for the 
‘How do the Eskimos live? Why may they not: 

256. What conditions in the tropical zone mn 
tion? What is the condition of the inhabitant’ 

256. What three conditions hnve favored ad 
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temperate zone? How have they aided? In what ways has man 
to call nature to his sorvice? 

MOUT. Whah in hw condltion of man in the davest? are primitive 
ns preserved’? Why wore oases favorable to the of 
civilizntion? Of what importance was this inthe Old World? 
it was the condition in the New World? 

258. What are the effects of mountains os barriers? Why are they 


and 
‘coasts. What facts account for the importance of the British nation? 
260, What conditions are favorable to the advance of the United 
| States? What were the nature and effects of the barrier west of the 
f goast? Where was this barrier crossed? What was the result? What 
Dborricr was found farther west? How has it been overcome? Upon 
| swhat bas our progress as a nation depended? 


Reference Books. — Saver, Nature and Man in America, Sorlbner's, 
Sons, New York, 1801, $1.60; Pescut, Races af Man, Appleton & Co,, 
‘New York, 1875, 82.25; Lunnocx, Origin of Ciridieation, Ay & 
‘New York, 1595, 95.00; Keane, Euvinology, 2 vols., Macmillan Co., Ni 
York, 1806, $2.60; Aan, Past and Present, Macmillan Co, New York, 
1809, $3.00; Brixrox, Races and Peoples, McKay, Philadelphia, 1800, 
$1.50; Rirtey, Races of Evrope, 2 vols., Appleton & Co. New York, 
1800, $6.00; Ratzen, The History of Mankind. 4 vols, Macmillan Co, 
‘New York, 1896-99, 4.00 » volume; Ginntws, History of Commerce in 
Europe, Macmillan Co., Now York, 1801, 80,00; Goro, The Earth and 
“Man, Scriboer’a Sona, Now York, 1595, $1.75; Manan, The Earth ax 
Modified by Human Action, Soribuer’s Sons, New York, 1885, 83.505 

| Macxixpen, Britain and the British Sear, Appleton & Co., Now York, 
1902, #3,00, 
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APPENDIXES. 


| APPENDIX A. REVOLUTION OF THE EARTH, 


1, Apparent Movements of the Sun. —In addition to the daily 
rising and setting of the sun there is a slower change in its posi- 
tion which can be detected by noting the point of sunrise or sun 
set for a week or two. In the north temperate zone, the sun risen 
exactly in tho east and sets dae wost on March 21 and Septem- 
ber 23. From March to September gunrise and sunset are north of 
true east and west, and the days are longer than the nights. But 
from September to March the aun rises and sets south of due east 
and west, and the nights are then longer than the days. ‘The 
midday sun also changes in position, Ibis higher in summer 
than in winter, but is ulways in the southern half of the heavens, 
In tho southern hemisphere the same changes occur in the opposite 
season; but there the midday sun is always in the northern half 
of tho heavens. 

2 to Hlustrate Revolution, —One or two simple 
experiments will aid in « better understanding of the way in 
which revolution (p. 6) causes these apparent movements of the 
sun. Place two balls in a tub of water (Fig. 548), one in the 
center to represent the sun, the other off to one side to represent 
the earth. ‘The water surface represents the plane of the ecliptic, 
or the plane in which the earth moves in its revolution around 
tho sun. I? the earth ball is moved around the central ball, its 
path will represent the orbit of the earth in its revolution, 

‘A needle inserted in the earth ball represents the position of 
‘tho earth's axis. When the ball is so placed that the needle pro- 
joots atraight up into the air, the axis of the bull is perpendicular 
to the water surface; if the axis of the earth were in « similar 
position, it would be perpendicular to the plane of the ecliptic. 
Now turn the earth ball until the needle is inclined as in Figure 
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“Et 
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needle 
clear! 
Posi 


stood by another simple experinenk! 
sent the earth, and a lamp or candle 
in a circular path around the light, b 
the axis inclined at the same angle, 
When the position is that of ae 
illuminate the northern half of the 
pole. So in the ease of the earth, what 
position inits orbit, the sun's raya h 
and illuminate all the space within the 
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‘This vircle is located 234° from the pole because the sun’s rays of 
midsommer (June 21) reach that distance beyond the North 
Pole. They reach that far berauae this is the amount that the 
earth’s axis is inclined. 

Now rotate the globe, and 
you will see that all points 
‘within 254° of the pole are 
lighted throughout the en- 
tire rotation. The samo is 
also true of theearth, This 
snakes it clear why, on the 
2 soe Dlgeee Pro. 54, —Poaition of the enrth June 2h. 
Circle has sunlight for the full 24 hours (Pig. 560), 

Still holding the globe in this position, observe the conditions 
at the opposite end of the axis, or the South Pole, Evon when 
‘the globe is rotated, no light reaches that portion, ‘This is also 
true of the earth in summer, for then the midday sun just barely 
appears on the Antarctic Circle, 23)° from the South Pole, All 
within that circle is 
dark, even at mid- 
day. 

Moving the globe 
to the opposite, or 
winter, position (3, 
Fig. 548), with the 
North Pole inclined 
away from the lamp, 
conditions are re- 
versed. Allis dark+ 
ness within the 
Arotie Circle, while 
Fro, 690,—The sun at midnight in the Arctio in sum> al] within the Ant 


‘mor when the region within the Aretic cirole ie i. i. 
ghted during the entire rotation arctic Circle is 
bathed in light 


(Fig. 551). This is the earth's condition in winter. ‘Thus, each 
year as the earth revolves, there is a season of darkness and one 
Of light around esoh pole. 











ia, 053.—To iMuatrate the revolution of tho earth around the aun. 


platform, or table, placed where the sun reaches it from morning till 
night, draw intersecting northaouth (p. 419) and east-west Ines. Where 
they cross drive a long kuitving noodle into the table. Onoo a wook at 
noon mark on the north-south line the point to which the needle shadow 

‘Also mark the point reached by the shadow just after muurise 
or just before sunset. What movements of the sun cause these changes? 
‘Observe nlso the exact place where the sun sets each week. (3) In what 
direction does your shadow point at noon? Tn what direction would it 
point in South Africa? At each tropic, in the middle of March, Juno, 
Soptomber, and January? At the cquator? What is the direction of o 
shadow at noon in summer in the Arctic? At midnight? Arms y9ch 
shadows longer or shorter than in the temperate sone? 

2p 














LATITUDE AND LONGITUDE. 


of the cirourference. Divide the oir 
(25,000 miles) by 360. At the equator a 


sphere (p. 3). Ttis 
cunference of the eat 


_ degrees is about 68.7 miles, at 


the poles about 69.4 miles. 
Ona smal) map of a large 
‘area, as a continent, it is im- 
possible to draw every paral- 
Tel, for the lines would be 
too close together. Accord- 
ingly, every fifth or tenth 
cirele is placed on such a 
map. But for a map of a 
small section (Fig. 78) the 
degrees are too far apart, and 
additional circles are neces 
sary. For this purposo do- 
grees are subdivided into 
minutes (indicated ’), and 
minutes into seconds (indi- 
cated”). There are 60 sec- 
ouds in a minute of latitude, 





ey 





a 
Fro, O54. —To show how the meridians 


globe, What is it numbered there? 


and 60 minutes in a degree. What is the latitude of your town 
in degrees, minutes, and seconds ? 
& Longitude. —Circles of latitude serve to accurately locate 





‘the Greenwich m 


places in a north-south direc» 
tion ; but there in need of loca- 
“tion in an east-west direction 
also, Circles. of longitude 
serve this purpose. These 
circles all start from the 
poles, broadening out toward 
the equator, and are therefore 
not parallel (Big. 554). ‘To 
them tho name meridian ia 
often applied. 
‘At the equator'a degree of 
longitude is about equal to a 
degree of latitude (69 miles), 
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Tf longitude may be used to determina time, it is evident that time 
may be used to determing ene Ships crossing the ocean are able 
in this way to determine their position. start with an accurate 
clock, or chronometer, set. to Groeawieh ti rt neans of an instra- 
mont, the sextant, an officer observes the sun to the local noon, 
that is, the time when the sun has reached its highest position, Com- 
paring this local time with that of the elironometer, it i easy to wa net 
how many minute difference there is between Greenwich time 
where the ship is Knowing that one hour's difference means ny ‘ot 
Jongitude, the longitude of the ship is readily determined. 


Svearsrions.—(1) To understand the need of cireley of latitude 
and longitude, try to locate New York City without these, Do the same 
‘by use of latitude und longitude. (2) By tying the ends of strings to- 
gether make three circles s that one will fit over the equator of a globe, 
one over parailel 45°, and one over parallel 60°. Make three other cireles 
for weridinus and place them on the globe, one over 0* longitude, ona 
over 60° west longitude, one over 120° west longitude. With ink, mark 
on each of the latitude strings the place where two of the meridiann 
eros. Take the strings off, and measure the diameters of wach. How 
do the diameters of the meridian strings compare with the equator string? 
How do the three latitude strings compare in diameter? Measure the 
distance between the ink marks made on the latitude strings. How do 
these distances compare? This shows how the length of dogroes of 
Jongitnde varies. (}) Get a local surveyor to explain and illustrate thr 

method of determining latitude and longitude. (4) Recall your previe 
‘ous study of standard time (see Second Book of Tare & MoMurry's 
Geographies, p. 116). Lf the earth were lat, what would be («effect an 
Si a table top tormpresent the earth, Raine 
‘a lightod eandle up to the edge to rupresont the rising sun, How much 
‘of the table do the rays reach at once? Is any more of the table reached 
‘as the candle is raised higher? Now, to represent part of the goblet 
‘earth, place a curved object on tho table top; for example, a I aboot of 
‘eardboard or blotting paper, resting on books or dishes. How much of this 
curved surface 1s lighted when ‘he candle ix raised? Ts more lighted as 
‘the candl. is rawee higher? 
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quartz, foldspur is not soluble. When exposed to air and water, 
however, it decays, becoming dull and whitish; and, if exposed 
long enough, the hard mineral crambles to a whitish clay, or 
kaolin, Many soila contain decayed feldspar, and some of tho 
‘dest pottery clays are kaoliu. ‘Thus, though insoluble and nearly 
as hard as quartz, its decay makes feldspur less durable. 

Calcite (calcium carbonate), like quartz, varies greatly in color. 
Tt often has a perfect orystal outline; and ince it hus cleavagy 
in three directions, when broken it is apt to take the form: of a 
rhomb. It has a pearly luster, Unlike quartz and feldspar, cwle 
cite is so soft that a knife readily scratches it. Moreover, it ix 
‘one of the most soluble of common minerals; and the cleavage 
planes afford opportunity for water to enter and dissolve the 
mineral, For these reasons a caleite rock is far less durable than 
‘one made of feldspar and quartz. 

‘The mineral dolomée resembles calcite; but it is less soluble, and 
has a different chemical coniposition. Calcite contains calcium, 
carbon, and oxygen, and is, therefore, carbonate af lime (CaCO,); 
dolomite has magnesium in addition, and is, therefore, magnosian 
eurbonate of lime ( (CaM) CO, 

The Micas,— There ave a number of different minerals belong. 
ing to this group, all having a complex chemical composition. 
Some are black, some colored, and some so colorless that they arc 
used in stove doors a3 “isinglass.” Two of the most common 
forms are biotite and muscovite, the former dark colored, the Inter 
light, All are easily scratched with a knife, and all have 80 re~ 
murkable u cleavage that they readily split into thin sheets. Some 
micas decay readily ; but othors so resist deeay that they occur as 
shiny flakes in soils and some rocks, such as sandstones and shales. 

Hornblende is a black mineral of complex chemical composition, 
common in some granites and Javas. It is hard, has a bright 
Juster, is often orystalline, and has well-defined cleavage. When 
exposed to air and water it decays, one of the products being an 
iron compound which stains the rock. Tron is one of the elements 
in this mineral. 

Angite, found in many lavas, resembles hornblende in several 
respects, and in small grains is difficult to distinguish from it. 
Ite chemical composition, crystal form, and tho anglo at which 
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‘rooks, which have been altered i aati 
pressure, and water. A few of the most common are descril 
below. 


8. Sedimentary Rocks. — Fragmental or Clastio Rocks. — By the 
disintegration of rocks, fragments of all sizes, from clay to bowl- 
ders, are detached. When ussorted by water these are deposited. 
in layers (p. 33), tho pebbles forming gravel beds, the snnd, and 
beds, and clay, clay beds, Rook fragments may aléo be 
by glaciers, by wind, and by volcanic cxplosions, which supply 
aah and pumice, These fragmental, or clastic, materials may be 
cemented into solid rock by the deposit of mineral substances 
earriod by underground water (p, 39). 

Consolidated gravel beds, called conglomerates, are composed of 
whatever ininerals were in the rocks from which the pebbles are 
derived. Consolidated sand beds, or sandstones, usually consiat 
of small quartz grains, quartz being the most. indestructible of 
common minerals, Some sandstones are well comented and firm, 
others friable; and iron oxide cement often gives to them red, 
yellow, or brown colors. 

A well-comented sandstone or conglomerate, with much quartz 
in it, is one of the most durable of rocks, resisting denudation 90 
well that it forms poake and ridges, as in the Appalachians, 
Since quartz does not decay and produce plant food, as feldspar 
and many other minerals do, sandstones make poor soils, 

Shale, the most wommon clay rock, varies in color from black 
to blue or light gray. Because of the presence of large numbers 
| of flattened particles, often siall mica flakes, it splits readily 

along the bedding planes. Shales split so easily, and are so soft, 

that they readily disintegrato, and among mountains are, there 
“fore, asually found in the valleys. Soils produced by the decay 
of shale are much more fertile than sandstone soils. 
Chemically formed Rocks, —'The decay of minerals produces 
many substances which underground water dissolves. After being 
| Eeratitore while, some may be deposited. For example, car 
‘bonate of lime is being deposited as stalactites in caverns (p. 60) 
find as ealearcous tus around the Hot Springs of Yellowstone 
Park (Fig. 243). On the coast of Florida and in Great Salt Lake 
it is also being precipitated in small, rounded, or oolitie grains 
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to Tennessee. Dolomite is not so easily worn, and, when very 
massive, sometimes forms mountains. apie cs 
of the Alps is known as the Dolomite Alps. 

ERT Ra rogers a eam roar 

(p. 168), where the water retards decay. When pe 
deposits have been covered with beds of other rocks, they qradu- 
ally lose their water and gases, and change to coal (p. 170). The 
= Deauinerneramnpeye in 


4. Igneous Rocks —These rocks, which have risen in a melted 
condition from within the earth, have cooled either on the surface, 
ms near volcanoes, or below the surface as intruded masses in the 
‘ernst (p. 126). In the lntter case, the overlying blanket of strata 
hhas allowed the lava to cool so slowly that the minerals have had 
opportunity to grow to fair size, giving these intruded rocks a 
coarse crystalline structure. In many places denudation has 
worn the surface down to these intruded igneous rocks. 

Granite (Vig. 33).— Granite is the most common intruded igneous 
rock. Of what minerals is it composed (see table p. 412)? ‘The 
stracture is yo coarse that the different mineral grins aro plainly 
seen and easily distinguished. The color of granite varies accord- 
ing to the color of the feldspar, being commonly light and either 
gray, grayish greon, red, or pink. It is a valuable building atone, 
and is one of the hardest and most durable of rocks, resisting 
destruction so well that, in the wearing down of mountains, it ix 
commonly left standing as peaks. 

‘Syenite, & coarse-grained rock, resenibles granite, but has no 

Gabbro, norite, and anorthosite, found in the Adiron- 
and in Canada, are hard, intruded igneous rocks, less eom- 
mon than ‘granite. 

Diorite ani Diabawe aro dark-colored igneous rocks without 
quartz, the color being due to dark.colored minerala, especially 
hornblende, augite, and iniea. Dinbase, also called trap, is often 
‘so fine grained that the minerals cannot be distinguished withont 
microscope. The Palisades of the Hudson and the trap hills 
of New Jorsey and the Connecticut valley are dinbase, 

Rhyolite, trackwle, andesite, and basalt (see table) are among 
the most common lavas erupted from volcanoes, ‘The first two 





mass of quartz, called quartzite. Shale, when 
d by metamorphism, changes to slate, New minerals are 
mn developed, which have cleavage 6o beeen the slate is 


d to split, or cleave readily, By metamorphism limestone is_ 
hanged to crystalline calcite, as in stp exte'k whitainarila 
fn the Appalachian Mountains (p. 109), conl has been metamor- 
josed to anthracite. In Rhode Island, whoro mountain ee 
even more intense, coal bas, in some cases, beeu obi 
graphite, which is pure carbon. 
When subjected to motamorphiam so intense that the minerals 
“have recrystallized, some rocks are altered to gneiss Gueias 
esembles granite; but there is a slight banding of the minerals 
(Fig, 83), due to the fact that they have developed along lines of 
Teast resistance — that is, at right anglos to the pressure. Where 
‘the banding is so distinct that the rock readily cleaves, it is a 
schist. Gneisses and schists are durable crystalline rocks, found 
in regions of intense mountain folding, 


Mevamonrnic Rocks. 














Soruce, Mocenat Comrontmis 
Altered sandstones, Qua 
‘Altered clay rocks, Pariniy. crystallized eF, 
‘coos minerals developed 
‘out of te clay particles. 
Altered carbonate of ie, | Caleta 
‘Altered con. Mata sarhon and carbon 


Altered from — various virtle= say two or 
rocks, ¢g- shale, con-| more of the following: 
mlomerata, diorite, eto. | feldspar, quartz, _horn- 

blonde, ‘or mica, 

Altered from various | Varlable'— usually two or 
Tacks, eg. shale, con-| more of ‘the following: 
goménn granite, | feldspar, quartz, horn 

rite, eto. diende, or mica, 























APPENDIX D. GEOLOGICAL AGES, 


Wrie it is impossible to tell the age of the earth in years 
(p. 45), geologists have divided the strata inte stages, or periods, 
‘and have determined their relative age. This is made possible by 
the fossils tho strata contain. For example, there was a time 
when uo animals higher than fishes lived on the ewrth; and if 


all parte of the earth, have so clearly revealed the history of the 
evelopment of life that, on examining the fossils in a rock, geolo- 
gists can now tell in what period it was formed. To the different 
periods names have been given, some of the most common of 











which are placed in the following table : 
= ee eee 
TIME, 
(Age of xeocess. || Masnaan develop fy remarkable va 
Mammuis.) POCESE. ly ‘and Lo groat nizo, while roptiles di 








(age at Furaasie. | Boptiloe and amphibia predominate, 


Jow forms of mashmals op) 


‘Triassic. ‘Asaphibta and reptiles devolop rocearkebiys 
i ie 
Cwrboniferovs, | Tani plana assume great Importance. 























Pagpogoro Devonian. | Fishes aro abundant. 
torte olan) |__ Silurian. | Hnveriabirates? prevail 
Cambrian, | No forms higher tau invertebrates, 
Jn 
Mostly metamorphic rocks; perhaps, tn 
{No fossils aan part, original crust of earth, 
known.) 








“teverdraten conus susan present tin, bat ae of doe Rnd, Pn whet 
‘aga nthe Bourn, sons, ang wth many chang, ote presen 
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its greater distance makes ita tideproducing effect less, The 
rapa) Siege ti beaded 3 
ti a 


times, there ary four = 
tidal waves in the © ® 
ovvans, two. formed 
bp the os See. bes ihainisieencal ater a 
two smaller ones by = — he 
the sun, In each | 
pair one is on the opposite side of the earth from the other. 
At full moon (Fig, 658) the gun and moon are nearly in line. 
Frkcdea pulling so nearly together that the solar and lunar 
‘tides combine, causing an uncommonly high tidal range, known as 
® opring tide. At now 
moon, the sua and 





moon are again 
nearly in line, and 
spring tides are 
as arama ta ® again formed. Dur- 


oom 
‘Fig. £8. —To {lustrate cuuse of nowp tion 


Jow tides are caused by the sun; consequently the tidal range is 
much less. These tides of low range are called neap tides. Ench 
Tunar month, that is every 20} days, there are two spring and two 
neap tides, 

Another causo for variation in tidal range is the distance af the moon. 
‘The moon revolves around the warth in an ellipse, and when it ts nearest 
to the earth, or in perigee, the lunar tide is higher than when it is furthest, 
or in apogee. Because of thean variations in the relative position of sun 
and moon, and in the distanee of the moon, the tidal range varies greatly. 
‘There ix also an irrmgular variation due to wind (p. 271), which some- 
times piles the water up in bays, causing it to averflow wharves and low 
Jand that the tide itself never reaches. 
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Fro. 561, —Maln gauge. B, outer cylinder; C, inner eytinders a. 
rightchand figures), the funnel. 





Pio. 26% —To illasteate the menning of contowre On the left Is m snedel; seiie 


right the awe Sogogeaghy is represented by sonteaine: 
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tion, of 21°. West of the line of no variation, or no declination, 
the needle points to the east of true north, in northern Washing- 
ton reaching an east declination of 28°, A tap showing lines of 
equal magnetic declination is an isogonto map (Fig. 560), 

‘The amount of declination slowly Baacaaenee that a map made 
for one year is not strictly accurate for the next year; but the 
change is so slow that a long time is necessary to produce a 
marked difference, The cause for these changes, and even the 
cause for the magnetism of the eurth, is unknown. It is some 
condition within tho earth, far from the surface, possibly in some 
‘way connected with the heated interior. All that is positively 
Acnown is that, for some reason, the orth acts as a great magnet, 


‘The aurora toreaiis, or northorn lights, in in somo way eonneetod with 
this magnetism. A similar phenomenon, the aurors australia, is found in 
‘the soothern hemisphere. ‘The aurora ix not common in the Uvited 
‘States, though somotimes it becomes vieible,and evon vivid. ‘The north- 
rm sky inthen nglow with an azch of strange light, with streamers date 
Saco nal fr. i Zar niib,Oh Suro Dect ameh Seve Vi 

and may’ after night. ‘The cawse of the aurora isunknown, 
though Te cssrn taba da Wo hint cacien discharges iu the upper air, 
resulting from some induenoo of the exrth's magnetism. 


‘Svacrstrons.—(1) Learn to read a compass (a stall one ia quite 
inexpensive). Determine the trne north and south line ‘This ean be 
done by setting up two poles in live with the north star. With a com- 
‘pass, observe the difference between true and magnetic north, (2) Place 
a bar of iron near a compass. Is the needle disturbed? Try the effect 
‘of a magnet. (3) If you have aver veon an aurora, describe it. Have 
son ever read @ description of one in a book of Arctic travel ? 
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Barometers. —The weight, or pressure, of air will push 
signa ‘up into a tube having a vacuum in tho top, It will 
the Liquid up until a column js formed that the weight of 
the air column pressing on it. It ix becuse of this ai res 
‘that water is pushed up from a well into the tube of a pump. 
The stroke of the pump exhausts air from the tube, thus tending 
to make a vacuum, into which the water may be pushed by the 
air pressure. Sinoe a column of water about 30 feet high bal 
ances the air prossure, an ordinary pump could not possibly raiso 
wator from a fitty-foot well. 

‘Years ago water, in tubes over 30 feet long, was used to measure 
air pressure. Mercary is now employed because it is so heavy 
‘that a column only thirty inches high balances the air pressure 
‘An instrument containing such a morcury column is called 
barometer. ; 

Any one can make a rough barometer with a glass tube 36 inches 

sealed at one end. Fill it with mereury, and fnvert it, with the 
open end in a small dish of mercury, being careful not to allow the 
meroury to spill. The meroury will fall a few inches and air pressure 
will keep it there. By fastening it to a standurd to keep it upright, ome 
‘may watoh the mercury rise and fall from day to day: A soale of inches 

fe ony ar on he gla with a plece of quartz or 
diamond; oF on the piece of wood to which the tube ix fax 

i i By comparison with a barometer the scale may te made exact, 

Ordinary mercury barometers are graduated 
tenths of inches, and a scale, called a vernier, enables road aaah 
hundredths of inches, Ag storms come and go the air presdure 
‘varies, und with these changes the height of the mercury column 
ehanges. When the air is heavy the barometer column is high, 
‘and there is a high barometer ; when the air is light the barometer 
‘eolumn is low, and there is a low barometer, For example, 301 
inches fs a high barometer ; 29.3 is a low barometer, 

‘Since there is loss air (and therefore loss pressure) above high- 
lands than lowlands, the barometer is low on highlands and high 
on lowlands. Ao this difference in pressure varies quite regur 








du nir preamure comes alent 
‘This can be corrected, 
thow of another barometer kept at af 

-As Sn the cane of thermometers Har 
daregraphe, Tn these, as its 
voll of, paper ona: cylinder; sweolvailin 
record of changes fn prosanro. 

3. Anemometers. — Wind direction is d 
weather vane, and Se, rite at whit 
anemometor (Fig. ‘The latter 
metal cups on ‘oroesbars, rerol 
hollow side of the cups, Each re 
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‘to a cog-wheel, which causes a hand to move on & dial, recording 
the velocit 

Wind velovity is measured in miles per hour, and the dial ls 60 
graduated that the hand indicates the number of milea the wind 
has moved. An anemometer may be connected by olectric wire 
to a velf-reconding apparatus, 

A slight breeze has a velocity of from 1 to 10 miles per hour; 
® strong wind from 20 to 30 miles; a gale from 40 to 60 miles; 
and a tornado wind even as much as 200 miles per hour. 

4. Measurement of Vapor.— There are several instruments for 
determining the humidity of the air. One of these is the hair 
Aygrometer, which consists of a bundle of hair robbed of its oil. 
Suoh hair will absorb Tatty changing in length aa the amount of 
absorbed vapor varios. It is 
because of this fact that the 
hair of many people becomes 
straight in damp weather, In 
the hair hygrometer a hand is 
moved over a graduated seale, 
in one direction if the humidity 
is high, in the other if it is 
low, 

Another instrument, the 
sling paychrometer, consists of 
two thermomoters attached to 
a board, one having u piece of 
wet muslin around its bulb. 
Ita use depends npon two 
facta: (1) That evaporation 
fa more rapid in dry than in 
humid air; (2) that evapora per 
tion lowers the temperature. 

Since evaporation is more rapid when the air is moving, th: 
ling psychrometer is whirled around for a minute or two. Tf thy 
air in satarated, there will be no evaporation from the wet nruslin, 
and the two thermometers will, therefore, read the same; bat if 
tho air is dry, the wet bulb thormomotor will rogister a porceptibly 
lower temperature, Tho United States Weather Bureau furnishes 








An anemometor, 
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‘The barometer may be kept in the schoolroom, the rin gauge on open 
ground sway from a building, and the anemometer on the roof; but the 
other instruments are best kept in an instrument shelter. 

Svaorstions.— For purchase of meteorological instrament, #00 p. 438%, 
As indicated above, it is possible to make several of the common instru 
ments, expecially the barometer, prychrometer, evaporating pan, and rain 
gauge ‘This might easily be done in the mauual training department. 

thewe instrumenta daily records may be kept, and po es reat 
of valus done, especially for comparison with the stady of weather 
and storms. Daily and seasonal temperature curves may aleo be m: 
Hf this work in carried along with the study of the atmosphere, the teacher 
will find many opportunities for connecting observations with facts in the 
book. For example, obsorye the humidity of the air near the ground 
when dew is forming and when it isnot. When frost is forming, take the 
‘temperature of the ground and of tho air 10 feet above it to seo if radin« 
tion cools the ground. After the barometer begins to fall, docs ft rain? 
‘What change in wind dircotion then takes place? In temperature, eto.? 


Svueorsren Recor, 
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WEATHER MAPS. 
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own observations the previous day? Study-the weather maps for the 
next two days, What differences aro noticed? Do you find any 


‘thom tell {a what parts the preasure is low, and where high. 
the isobara, Shade on the map the rainy, or snowy sections. With 
another colored pencil, mark the cloudy arews, What is the direction of 
‘the winds in the different areas? What part of the storm area is warm- 
ext? What part coolest? What ix the Fireotion of the wind tn eadh 
case? Can you find anexplanation of any of the facts obworved ? 
‘tho samy way, atudy the weather maps for the next three days. 
fm statement of the changes that have occurred. On au outline map 
draw the path followed by the storm center. Solect some place on the 
map, and have the students dosribs the wenther changes — pressure, 
temperature, wind, and raiu—for the four days (4) In the sme way 
a setof maps in which a typical high promuny arwa, or anticyclonm, 
pames across the country, (6) On an outline map plot around the same 
‘eenteal point, the winds of three welldefined storms Also three antl. 
eyclones, What about their direction? (6) Givy to each student a map 
with a welldefined storm, nnd have him tell what he thinks the weather 
conditions were the day before, and what they were the uext day. First 
remove the predictions from the map, After tho predictions hare been 
written down, show the actual maps. ‘his practice may be continued 
until the class becomes fairly proficient in predictions. Toward the wnd 
of these exercises have the students sketch their predictions on outline 
jo ‘that is, upon the basis of their study of a map for a given day, let 
them inake a weather map of the previous and sucoweding days, Care 
should be taken to select well-defined storms that move regularly, other- 
wise tho rpPreney poor. o Give out probaly soaty: a be 
a a suries of weather maps For example, given 
ere low at Chicago, temperature 34.5°: ie it clear or rainy? 
Is the lomnporetare probably higher or lower at Minneapolis? At In- 
‘On @ sketch map of United States indicate the area of 
mow. Of rain. What will the weathor probably be noxt day 
at Chicago? At Cleveland? (8) Upon the basis of observations with 
instruments in the school make weather predictions. (0) Euch day give 
the weather map to one of tho students, and Jet him report the facts of 
baromster, temperatare, position of highs and lows, ete.; or, better, 
skool them on an outline map for the class to soo, Then eall for 
from the class, and havo them give their reasons Thon 








‘predictions 
remi the prediction on the map, Next day onjl for » statement of how 
niarly correct the prediction was. 
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Imagine a rather irregular beach at low tide when there are no 
waves. The water marks a contour line, und extends up the 
depressions, or valleys, in the sand. This may be called the 0 
contour; if the tide rises five feet, a new contonr is marked five 
fect above the other. This might bo enlled the five-foot contour. 

In making contour mape, sea level is reckoned as 0, and each 
contour passes through all places on the map that ure at the same 
level above sea; that is, places which tho sea would touch if it 
rose that high. Every place through which the 100.foot contour 
passes is just 100 feot above soa level. On such maps, thorefore, 
tt is poasible to tell the elevation of every place, Contour maps 
do not express relief so graphically as hachure maps, but, with a 
little study, one learns to quickly interpret from them tho form: 
the land. Plains have few contours, far apart; gorges have many, 
close together; rounded hills have contours of different shape from 
those on steopaided hills, etc, Figures 78, 82, 121, 181, 137, 145, 
192, and 193 are contour maps. 

On the U.S. Geological Survey maps the horizontal seale is 
usually about one inch to the mile. The vertical scule, or contour 
énterval, is usually 20 feet; that is, a contonr is drawn for avery 
20 feet of elevation. Thorefore, the vertical distance, or interval, 
between two contours ix 20 feet. In sparsoly settled or mnoun- 
tainous regions @ contour interval of 100 feet is often chosen, 


Suannsrioms. — (1) Find ont if the U. S. Geological Survey (Wash- 
ington, D.C,) bas ined a contour map of your vicinity, Tf a0, geta 
(oosb Gloents); mapunt Js (p. 427), ana carry It on your walks on blagele 
rides. You will find it of great service. (2) Lot the class have practice 
in making simple contour sketches; for example, have ther make ¢on- 
tours to show a round bill, a long hill, a bill stoop on one end, two hills 
and a valley, » broad valley, a gorge, ote. Also draw simple contour 
sketches on the board (for example, n round bill), and have the class 
make cross sections of then; that fs, sections to show the jprofile ae if Ube 
bill were aliced through. Keep the class at this work until they under 
stand how todo quickly what is gives. (3) From sme model seloct a 
soction, and have the class sketoh a contour map of it, (4) Obtain a 
series of contour maps, and have the class make cross sections along 
Hines deawa on the map by the loacher. To make these metions, first 
draw a line on the papor equal in length to the line on the map. ‘Then, 
Jor the vertical soale, draw, parallel to ule, other Ines i inch apart, 
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APPENDIX J. LABORATORY EQUIPMENT. 


1, Models, —K. &, Howell (012 17th St., N.W., Washington, heros 
has s number of models of great value in Jaborstary work. He 
offers for sale large photographs of these. Catalogae sont on pads 
tion. G. C. Curtis (4 Crawford St., Boston, Mast) has a sot of three 
excellent geographical models (glaciers, volcances, and seacoast). ‘The Har 
ward Geographical Models, a sat of three, are sold by Giun & Co,, Boston, 
for 820 a set, Thos Inst two seta should be in every laboratory of 
physical geography. The Jones model of the earth is very valuable (cost. 
850, A, H. Androws & Co, Chicago). For construction of models 
from topographic taps, se¢ page 430, 

‘2. Msps. — The Kiepertand the Habenicht * Sylow roliet maps of conti- 
nents ond parts of Europe are the best maps of this nature, ‘The various 
government bareaus (see below) will on application send catalogues of 
their maps from which the teacher may welvet thow desired. The fol- 
lowing lists have been carefully prepared to secure vatative maps: 
‘of various phenomena, aud they may serve as the Mand cts map cal- 
Jection for laboratory use. For further suggustions, ase pamphlet by 
Davis, Krso, and Corum The Use of Governmental Maps in Schools 
(Henry Holt & Co, New York, 1894, £0.30) ; alwo Davis, Journal af 

Vol, IV, 1806, p. 484. Forsign maps may be imported. throagh, 

(0 Bast 16th St, New York). 

‘wited States const ix charted by the U 
and ep the country are mapped by the U, 
vey. All of New Jersey, Masanchusotts, Connecticut, Rhode Island, aud 
mont ef New York are now mapped, ax well as portions of each of the 
other states, The Geological Survey topographic shests may be ordered. 
for $0.05 each, or at the rate of 20.02 a sheet if 100 or more are ordered, 
Money must be sent hy money order in adeance. The Geological Sure 
yoy alto issues special maps, for oxainplo a series of different sealo mapa 
of United States; also geological folios, — perhaps of your diatriot. 

Esch whool should hare ssts of the United States Geological Survey 
Physiogrophic Folios, onpecially the first two. They contain selected 
maps, with description, to illustrate physiographic po Folios 1 and 
2 cost $0.25 each; No, 3, $0.60. 
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map may often bo used in several periods to illustrate different phe 
nomena. Bada ocrk tir ado te wep ts ake 
and contraste; for example, under * Plains" compare and contrast the 
‘the Fargo, N.D., Kaibab, Ariz, and Palmyra, N.Y. sheets, 

Another method used is to study a sheet to detect all phenomena 
represented ; but this lacks tmany of the advantages of a study by topiox 
Tn the absence of w regular laboratory manual, it is rf 
teachers to develop their own minthods, and this Appendix ix merely a 
hint ax to one dirvotion in which this may be done, It calls for morifice 
of time aud nergy on the part of the teacher; but all who are willing to 
make thin sacrifice will be abundautly repaid hy the improved work and 
greater interest of the clas. Even if formal Inboratory work iy not given, 
‘the maps are of grent use as illustrations of tho text. 

4. One Hundred Selected Sheets, United States Geological Survey, Topo 
graphic Map.— These maps should be purchased by the hundred ($2 0 
hundred) it is desirablo to provide enough sata for each stadent 
in the laboratory to have « copy of each, or, at least, to provide one for 
‘every two students. ‘They should be mounted (p. 437). 

(1) Glassboro, NJ; (2) Leonaritiown, Md; (3) Pl Lookout, Md.; 
(A) Fargo, N.D.; (5) Hamlin, N.¥.; (8) Marion, Lowa; (7) Wichita, 
Kan; (8) Butlers Mo.z (9) Marshall, Ark.; (10) Lamar, Cola; 
(11) Brownooo, Tex. ; (12) Coleman, Tex.; (18) Highee, Colo.; (14) Kole 
bad, Avis; (15) Watrou, NM. (10) Boise, Maho; (17) Modoc 
Lawa Beit, Cale; (18) Elmira, N.Y; (19) Kaaterskitl, N.Y. (20) Gaines, 
Pa; (21) Bricerille, peer (22) Scottsbora, Ala.; (28) Salyernvilie, 
Ky.5 (4) Huntington, W.Va; (25) Pikeville, Tenn.; (20) Bimota, 
Maho; (27) Great Falls, Montz (23) St. Paul, Minn; (20) Palo 
Pints, Tex.; (W) Delaware Water Gap, Pe.; (M1) West Point, N-¥.; 
(82) ‘Jeffernm City, Mo.; (33) Junction City, Kan; (34) Kearney, 
Neh. (0) Lexington, Neb. (38) Donaldsonville, La.; (37) Point a ta 
Hache, Ln. (88) Coloes, N.Y.3 (89) Springjteld, 40) Alturas, 
Galz (41) Pikes Peak, Colo.: (42) Telluride, Colo, ; (43) Platte Can« 
yom, Colo. an ‘Huecfano Park, Colo. ; (45) Livingtton, Mont.¢ (4) Mt. 
Washington, N.II. Mass. 8) Monadnock, N 
3 Yor (91) Monterey, 
(51) Franklin, W. Vo. 
ag (ST) Lykens, Paz 
60) Shasia, Cal. ; (OL) Mt. 

o “als: (68) Ashland, Ore,; (84) Henry 
Mountains, Utah; (85) Slereaville, C. (06) Disaster, Nei Pura 
adie, Nev. ; (68) Granite Range, New.: (00) Tooele Valley, Uiak ; (70) Salt 
Lake, tah; (71) Boothbay, Me.; (72) Coos Bay, Ore.; (7) Seattle, 

ar 
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59, 63, F; Glacial Later and Swamps, 31, 45, 47, 48,00, 77, 78, 85-94, 98~ 
‘100; Lake Champlain, 93; Finger Lakes, 94,95; Coastal Plain Swamps, 1, 
Aj Hiver Swamps, 1, 62, 87. 96, A; Della Soamps, $6, 87; Lake Swamps, 
80, 93,100, C5 Alkali Plateand Playas, 06, 06, 08; Drowned Coastal Plain, 
2, 3, 8% 84, A; Drowned Coast, 71-78, 81, 88, 89, By Drowned Lake 
‘Coast, 79, 80, 03, 100, C; Harbors, 73-75, 78, 79,4, B; Waveeut tiff, 
Bt, 100; Wave-cut Islas, 85; Beaches, 72; Tied fatands, 85; Bare, 
shuting in Bay, Ty 70-81, 85, 100, Cy Sand Bars, 76,78, St, 88, 0 
Hooks, 84; Sand Dunes, 72, 883, 8t; Offshore Bars, inclosing Lagoons, 82— 
84, As Salt Marshes, 74-10, 78, 82, 85, 30, A, B. 

5. Thirty-ive Grouped Sheots.— Tie following groupe of alwets ars 

mounting to make large maps (0 directions below), Hach 

eine ‘well at least one phenomenon, and a number ibustrate 
fererals Ta adele thoy all comtain many important details wots 
study. Bi meet cDad ie seat is estore ol tmountin a large 
the shoots in the vicinity of the home region. Nearly all of ertea 
‘could be used singly if mounting in groups eems too ditfioult, 

1. Covonano River axo Viorvery—tilustrating plateaus, mesa, 
Twuttas, canyons, voloanoes arid drainage, the following shoots: (Pioche, St. 
George, Kanab, Escalante, Henry Mountains, Utah, Marsh Pass, Echo Cliffs, 
Kaibab, Mi. Trumbull, St. Thomas, Camp Mohave, Dinmand Creek, Chinoy 
‘San Fraveiseo Mt, Tusayan, Aris.) 2 Oyxusvnvexnp PLarte Riven 
—alwo great plains (Kearney, Woot River, Grand Island, Neb.) 
Same—(Minden, Kenevaw, Neb). 4. Coxwroricuy Vantity — bors 
dering poo lowland, trap ridges, terraces, ox-bow lake ( (Greenfield, 
Waneick, Northampton, Belchertown, Springfield, Palmer, Mans.). 5. Riviere 
Frooprnars asp Muaxpxrs—aleo great plains (Kansas City, Ostn- 
Loewe, Oathe, Lawceence, Kan). 6. Mrssraaiver Deus (West Delta, Bast 
Delta, Yas), %. Mississtert Dera AND FLooDrLAne—also location of 
New Orleans (Bonnet Carre, Spanish Fort, Chef Menteur, Rigolets, Towlme, 
‘Bodreaw, Shell Beach, St. Bernard, New Orleans, Hahwwille, La For- 
tuna, Deine, Point a la Hache, Barataria, Cut Off, Borts, Quarantine, Pe 
Livingston, feswhobe Felicity, La.). 8 AvLUVIAL Fans —arid rgion 
(Pomona, Cucamonga, San Bernardino, Cal.) 9. Coastat, PLAIX— 
also shore Fines, bars, march, ute. (Bordentown, Caswwille, Asbury Park, 

Whiting, Barnegat, N,J.). 10. Coastat PLams— drowned, 

(Prince Frederick, Brandywine, Wicomico, Leanardtown, Md.). 

I. Coawrac Pears — young drainage, Jakes, and swamps (Williston, 
Citra, Dunnellon, Ocala Ieala, Aparka, Pana Sojfkee, ¥la). 12. Lat 
Piare—bed of Lake Agamiz (Margo, Camelion, N.D.). 1. Great 
Prams (Wichita, Cheney, Kingman, Wellington, Caldwell, Anthony, Kaa), 
14. Matgusey Dissucten Puarsac (Salyeraville, Prestonsburg, Hazard, 
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Print» New Fork wih Lang tant Sound): 11 (Southern ser of Lang 
Inland) ; 121, 122, 128 (New Fersey coast, Sandy Hook to Cape May’; 870 
(aware ond Chesapeake yi); 11 (Cope Hatteras 10 Cape, Rametn) 


Cal Bessy 188. (Mobile Bay) ; 10 (Mianisnippi Delea and vicinity); 
104 (Maine Dea) 21 (Galeeaion tthe Blo Grande); 219: ar 
‘Rio Granule northward); 5400, 5500 (California coast) ; 3080, 8100 


const). 
7. River and Lake Maps.— ie Mississippi River Commission (St. Louis), 





fississippi, Saheets (81 por met); Upper Missiesippi, § sheets (80,10 poor sats 
prim Charts 8, 22, 38, 36,88, 39, 62 of the Tanp on xeale of 120,000, 
showing meanders, oxbows, ete. (80.26 por sheet). 1f the acho! is located, 
tn ihe Heer, the theete of tak otaity sloall be secured. 

Charte of the Great Lakes (Onited States Enginser's Office, Detroit, 
Mich.) iMlustrate many ahore-tine phenomena. Nis. 1, 5, 65 also Lake 
Ontario, Niagara River, Lake Evie, and Lake Si. Clair are espectally value 
able. If the school is on the Takes, much use should be made of the lake 
‘charts, especially those near by. 

8. Mounting Maps. —Iv is ral economy to have all mapa backed with 
cloth. ‘This will be done by many bookbinders, or it emis be done in the 
bate, white cotton olathe ontanry WA te 
width for grouped sheets. Use ordinary flour paste, 
whiel costs very little if purelased from a paper hanger. For sucess: 
fal map mounting have a smooth surface (a large drawing board or table 
top) on which to tack the cloth. Stretch the cloth and tack it firmly on 
all aides then thoroughly wet it. Apply pate to the Back of the map 
and allow it to lie until thoroughly limp, then put it on the eloth, which, 
must not be too wet, Carefully press the map to the eloth with # piose 
‘of clean cloth or a photographic roller. Leave until thoroughly dry (at 
Yeast M hours), 

Combindd sects must first be trimmod, leaving on alternate shoots a 
amargin of } inch for ndjoining sheets to overlap. Por trimming, to secure 
an even cut, place the map on a sheot of sine (tacked to a board), and, 
with a sharp knife, cut along o metal straightedge placed on the map. 
Tf & map is not complete, blank spaces may be filled with white paper. 

Large mape should be rolled, and wood turner will supply rollers nt 
grnall cost; also strips for the top of the map. Curtain rings may be 
screwed into the wooden strip for hanging the map, which, for classe aye, 
may be hung to bram rods ({ inch in diameter) along the sides of the 











APPENDIX K. FIELD WORK, 


‘Tax value of field work is such that every course in physical 
geography ought to be accompanied by at least some, No labora- 
‘tory or text-book work can take the place of wellonducted field 
work; it is worth undertaking even if Saturday is the only time 
available for it, But a progressive school should provide regular 
‘periods for out-of-door work. 

Directions for field work of sufcient explicitness to be useful as 
4 guide cannot be given without taking up fax more space than ix 
available in this book. What kind of work to give is a question 
which can be settled only by local conditions; therefore the 
teachor must develop his own outline. Thore is no region with- 
‘out some good physiographic phenomena within easy reach, 

Properly to make use of these field opportunities demands per- 
sonal knowledge of methods on tho part of the teacher. ‘There are, 
‘of course, many tenchers of physical geography who have not had 
the training necessary forthis work; for even the universities have 
been giving regularly organized field courses only in the past few 
years. Most summer schools in large universities offor inatruo- 
tion in thie direction, and any teacher who desires to give field 
work, but Incks the nevessary training, ean secure it easily and at 
slight expense. Knowing how field work is conducted in one 
region, nny real teacher can adapt the same methods to his own 

neods. 





It is by the introduction of laboratory work, indoors and out, 
that physical geography is gaining for itself a rank which is 
placing if on a par with other acience conrses in the secondary 
school curriculum. Ten years ago geareely a secondary school in 
the country, and very few normal schools and universities, gave 
organized lsboratory and field work in physical geography. Now 
many of the better secondary schools provide for it and have 
specially equipped Inboratories. ‘The vormal school or university 
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Besides these there may be plains, or mountains, or plateaus, or vol- 
eanic phenomena. If so, so much the better: bus profitable field work 
does not necessarily demand grand features t will be well to have 
most of the excursions devoted to details and the study of principles 
hence » seemingly sinall illustration may be of the very highest value. 
‘At the same time, the field work should not entirely ignore the broad, 
general features. A very profitable excursion may be conducted in s 
high tower, or on # high hill overlooking the surrounding country. 

Field excursions should be made for the purpose of showing the rela- 
tionship between physiographic phenomena end human interests. ‘They 
may often be combined with the other excursion suggested above. For 
example, an excursion might well consider the reason for the location and 
the nature of work in a quarry; the location and the difficulties in the 
‘way of laying a railway, i.c. the cuts, tunnels etc.. necessary ; the differ- 
ences in the soil and their relation to plant life, and especially to eroy 
the location of mills, etc. Here again the braad influences of physio- 
graphic conditions should not be overlooked. Hy sll means. the field 
‘work should show clearly the significance of the 'om4ion and 42” Vapment 
‘of the home town and its industries. 














INDEX. 


a 

Absolute humidity, 24. 

Absorption, 28. 

‘Absunn} life, 17, 

‘Abyarinia, pontnsubs of, 25. 

‘Adirondacks, 107, 127, 201, 2, 

‘Adobe, 7a 

‘Africa, 26 

“Agassiz, Lake, 73. 

‘Ako of earth, 40. 

“Ages, gnological, 416. 

Aggrading, ©. 

Agrioultnen, Central Plains, 811; devele 
‘opment of, a0; New England, 27); 
New York, 02; Piedmont Belt, Ny: 
westorn United Staten, 315. 

Ale, 13,38, 19, 229-220 ; effoot of gravity: 

22M; Imporeance of, 14; hinpors 

Aaneo of, to aniinals, 853; Importance 
of, to plants, 396; Influewse of, tn 
rroathoring, 40; In ocean water, 18), 
pressure of, 253; warming of, 2% 

Ale pressure, measurement of, 421 

Alabama River, 32). 

Alaska, glacters of, 190. 














Alaska, pentnwula of, 5, 207, 22. 
Albany, 308. 

Aldrich dnp, 179. 

Almutian Inlands, volcanoes of, 124 


Alicall flats, 63, 160, #24, 

Alioghany platens, 206, 310, S27. 

Alloghony, 300, 

Allegheny River, effect of leo shoot on, 
1585, 196, 

Atluvial fan, 61, 

Alpine fora, MH. 

‘Alps Oh 101, 108, 107, 108, $88; glaciers 
of, 197, 141; sotvlemient of, 105. 

Alticoda, effect of, on vemperarure, 46; 
influence of, uw elimate, 275 

Armeron, plalus of, 77. 





. 321, 











Amorfcan lon sheet, 146, 
Amorican race, S82, 383. 
‘Amphibia, Lome of, 8) 
Andes, 20, 24, 0, 107. 
Andesite, 412 
Anwmareter, 422. 
Anerold barometer, 422, 
Animals, aid of, In apread of plants, 385, 
M6) ald of, in weathering. 42) barr: 
cots to sptend of, 351 dependence of, 
‘on plants, 853; distribution of, 5% 
260; doweatle, 25, 801; frwals ware, 
AGH; homes ef, 24; in Arctic, 84; In 
Auatralli taflaence fn plawt 
variation, S47; Influence of man on, 
4) influence of surroundiny 




















883; In Sooth America, 363; 1m ton 
perato sape, 386; in tropleal ono, 
S57; mode of Tife of, 356; of desert, 





257; on islands, 861; spread of, 200; 
onan of, SH. 

Anmunt plants, 344. 

Antarctic tee abew!, 143. 

‘Antarotie Oran, 2 

‘Anthracite coal, 100, 41% 

Anticline, 3. 

Antieyelones, 2 
of, 0m weather, 269) suecorator 
26 winds of, 239 

Autitenden, 290 

‘Appalachian belt, 308 

Appalachian Mountaing, 23, 96, 9), 100, 
101, 102, 107. 

Appalachian plavoau, 84, 227 

Arabia, peninsula of, 2, 

Aral Sea. 102, 

Arotic animals, color of, 385. 

‘Arctic climates, 219, 40, 











My 22) \nftwenee 
of, 





Aree fauna, 34 
‘Arotle flora, 340. 








INDEX. M5 
Sullding materials, 37% Clroumpotar whirl, 200, 
‘Buttes, 8, Cheques, W2. 
o Cirrus clouds, 246, 
Cactus, 343. + | Citios, location of, 376, 
Cairo, 327. Civilization, ancient, 887; tnflamnen of 


Calabria, earthquakes in, 131. 
Calearwous tufa, 406, 410, 

Calcite, 34, 407. 

‘Caldorad, 120, 121, 158 

Calfforain, Ailing of valley of, 07, 68, 
California, Golf of, 207. 








Callao, 224. 

Calms, belt of, 259, 279. 

Camel, 89, 353. 

‘Campos, 283, 

Canary Islands, 124, 175, 228, 

GCanyous, 81, 320,821; Colorado, 228, 32%. 
Capo Canavoral, 213 

Capo Cod, 21, 215. 






Cape ent, 2 

‘Capo Mnctaray, 213, 215. 

Cape Lookout, 214 

Cape Verde Inhunds, 124, 178. 

Capes, cause of, 207-210, 222, 25, 

Carbonate of lime In voenn, 180 

Carbon dioxide, 2201; importance of, to 
plants, 386, 

Caribbean Sea, 28, 207, 

Cascade Ranges, 13%, 

Caspian Bea, 162, 155, 

Castine, 24, 

Carakil! Mountains, 98, 107, 301, 902. 

Caneasian race, I, OK 

‘Cave dwellers, 85, 

Caverns, 9 

Cayuga Lake, 153, 303. 

Contigrade senly, 420. 

Conteal Plaing, 7, 310 

Chad Lake, 

Challenger doop, 178. 

Champlain, Lake, 162, 16. 

‘Chango of level of land, 2 

Charleston, 306; enrthqun 

Chasns, 211 

‘Chemically formed rocks. 409, 410, 

Cheanpenke Bay, 4, TA, 

Chieago, 31, 104, 101, 166, 

Chit Ben, 207 

Chinook, 280. 

Cincinnati, 196, 212, 376, 





























, 220, 313, 378, 





commerce on, 38. 

Claxtie rocks, 400, 410. 

Clay beds, 400, $10. 

‘Clovotand, 1045, 240, 313. 

CUE dwellers, 85. 

CNP, now, 201, 

Climate, 270-295} Aretle, 250, 204; belt 
of calms, 279; continental, 238; east 
‘cousts, 238; equable, 238; Indian, 25: 
influence of altitude on, 276; dnth 
fence of lakes on, 165, 165; iafluenoe 
of ocean enrrents on, 274; Inflaenoe 
of, on planta, 2305 Influence of topog= 
raphy on, 270) Intluonos of water 
‘om, 2771 tntluence of winds om, 278; 
mountain, 9%; platenn, 3; out 
temperate zone, 26; southwestern 
Uoltet States, 316; temperate wones, 
285K; west coasts, 236, 

Climbing bogs, 168, 

Clothing, ST. 

Clour{ bursts, 86, 208. 

Clondn, 247, 

Coal, 108, 170, 410, 41 
200; Gontral 

Coantal plalns, 72,985; swamps on, 190. 

Coust ines, 203-225; ‘changes In, 204; 
fof drowned Lands, 208; elevated sex 
Dottom, 205; {nfloence on man, 3805 
erogularities of, 33-26; irregular 
mountainous, 37 ; Mehintory of, 2215 
Now England, 290; xinking of, 74; 

aight mountainous, 306, 

ount Ranges, 9 

Cold-blooded animals, {, 
hd pore, 288, 

old Waves, 2 

238; of Arctic anisnals, 356 

vean water, 181 

































lorado Kiver, 87, 5245 of Texny, 129, 
olumbia tava plateau, 125, 320. 
Columbia River, 320, 
Golumbla, 8.0, 7h, 


Drowned coasts, 208. 
Drowned river, 830. 
Drumlins, 182. « 
Duluth, 163, 220, 311, 313. 
Dust particles, 290 ; effect of, on fog, 
MT. 
; 2. 

Early man, 369. 

Earth, age of, 45; as a planet, 1-10; 
‘contraction of, 18, 35, 99; differences 
in temperature on, 23; general foa- 
‘tures of, 13-28; interior of, 17; proof 
of roundness, 3; radiation from, 235; 
rotation of, 6; shape of, 1; size of, 3; 
solid, 16; wind systems of, 258. 

Earth’s axis, inolination of, 8. 

Earth’s crast, 18; changes in, 20, 21, 31- 
46; Irregularities of, 19. 

Earthquake waves, 186. 

Earthquakes, 101, 130-132: cause of, 130; 
characteristics of, 131; effects of, 131; 
‘ocenrrence of, 130. 

East coasts, climate of, 288. 

East Indies, 25, 96, 207, 222. 

Ebb of tide, 187. 

Eclipse, 2. 

Eifel district, volcanoes of, 125. 

Elevated beaches, 220. 

Elevated sea-bottom coasts, 205. 

Elevation, forces of, 21. 

Eilipee, 5. 

Elmira, 202. 

Bnergy, radiant, 24, 

Eplcentram, 131. 

Epiphytes, 338, 342. 

‘Equable climate, 234, 277. 

Equator, 402. 

‘Equatorial drift, 191. 

Equinoxes, 400. 

Erle Canal, 303. 

Erle, Lake, 161, 162. 

Erosion, agencies of, 21, 44; glacial, 138, 
183. 

Erratics, 141, 153. 

Eakimo, 24, 371, 372, 373, S84. 

Exblopian race, 382, $83, 

‘Etna, 118, 190. 

Euphrates, early clvilization in, 387. 

Enrasia, 25. 

Enrope, 2. 

















Everglades, 109. 
Evergreen trees, 340, 
Evolution, $47, 380. 
Exchange, primitive, 377. 
Excursions, field, 439. 


¥. 

Fahrenheit scale, 420. 

Fall Line, 78, 306, 307. 

Fall River, 300. 

Far West, 314. 

Fault, 37. 

Fault-block mountains, 83, 100. 

Fauna, 954: Australian, 362; of Arotic, 
B04: of desert, 387; fresh-water, 358; 
sland, 361; of northern continents, 
363; South Amerlean, 363; temper- 
ate, 386; tropical, 357. 

Feldspar, 34, 408, 

Field work, 439. 

Fingal’s Cave, 127. 

Finger Lakes, 153. 

Fiords, 26, 153, 209. 

Fishing banks, 197. 

Floodplains, 88, 61, 327, 328. 

Floods, Mississipp!, 328. 

Flora, 339: Alpine, 314; Arctic, 40; of 
deserts, 342; of mountains, 343; of 
savannas, 342; of steppes, $42; sub- 
tropical, 342; temperate, 340; ‘tropi- 
cal, 342. 

Florida, frosts in, 286; plalu, 74; plain, 
drainage of, 58. 

Flow of tide, 187. 

Focus of earthquake, 181, 

Foohn, 200, 

Fog, 247. 

Food of mau, $70. 

Forest, care of, 349. 

Forestry, 350. 

Fractar, zone of, 18. 

Fragmental rocks, 409, 410. 

Fresh-water fauna, 358. 

Fringing reots, 218. 

Frost, 285, 46; ald of, in weatherta 
0. 

‘Fur-bearing animals, 36S, 305, 306, 887. 
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Hornblende, 407. Isobars, 262. 
Horse latitudes, 261; rainfall of, 288. | Isogonic map, 419. 
Hot springs, 132. Isothermal chart, 276. 
Houses, 312, 873, 374, Tsotherms, 276. 
Hudson Bay, 24. Isthmus of Panama, 24. 


Hadson River, 320; drowning of, 204. 
Humboldt glacier, 144. 

‘Humidity, 44. 

Faron, Lake, 161, 162. 

Hurricanes, 259; effects of, 271. 
Hygrometer, 423. 


Tce, ald in river erosion, 53. 
Icebergs, 194, 196 ; formation of, 145, 
Tcoberg waves, 186. 

Tce cave, 130. 

Tee-dammed lakes, 149. 

Tce fall, 138. 

Tee floes, 194. 

ce in ocean, 194. 

Ice packs, 194. 

‘Iceland, lava platean of, 126; voleanoes 
of, 124, 

Teo sheet, 143; Antarctic, 145; Arctle, 
145; effects of, 154; former, 146; 
Greenland, 143. 

rocks, 33, 408, 411, 412. 

India, climate of, 284; peninsula of, 25. 

Indian Ocean, 27. 

Indian race, $82, $83. 

Indians, 986, 387. 

Indo-China, peninsula of, 25. 

Inhabitants of plateaus, #4, 8b. 

Insects, home of, 359. 

Instrument shelter, 424, 425. 

Instruments, meteorological, 420-425. 

Interior basins, 22, 96. 

Interlor of earth, 17. 

Intermittent desert streams, 87. 

Intraded igneous rocks, 34, 12 





au. 





Invertebrates, home of, 389. 
Iriah Sea, 28. 
Tron, AI 309; Central Plain, 





B12, $13; deposits of, 410; oresot, 408. 
Iron pyrite, 408. 
Irrigation, 315. 
Ischia, island of, 117. 
Tnlands, cause ‘of, 207-210, 298, 223; 
faunas of, 361. 
ae 


Italy, peninnula of, 25, 98, 207. 


Ra 
James River, 329, 
‘Japan, earthquakes in, 130. : 
‘Japanese Islands, 20, 25, 98, 207, 222. 
Japan Sea, 207. 
Jersey City, 205. 
Jetties, 228, 
Joint planes, 38; influence on rivers, 58. 
Jura, 94, 100. 

x. 
Kamchatka, peninsula of, 25, 98. 
Kames; 149. 
‘Kangaroo, 362, 
Kaolin, 407. 
Kettles, moraine, 148. 
Koy West, 222. 
Kilauea, 119, 120. 
Korea, peninsula of, 25, 222, 
Krakatoa, 119, 123. 
Karile Inlands, 22, 98. 


L 

Laboratory equipment, 431-438. 

Labrador Current, 193, 279, 239, 

Labrador peninsula, 23. 

Laccolith, 127. 

Lachine rapids, 330. 

Ladrone Islands, 175. 

Lake basins, origin of, 100. 

Lake plains, 78. 

Lakes, 160-167 ; as resorts, 105; freezing 
of, 165, 166; glacial, 156; lce-dammed, 
149; importance of, 168; intluence on 
climate, 165, 168; influence on navi- 
gation, 165; Iife history of, 164; ox- 
Dow, 63, 328; salt, 163; shores of, 
200; size and form of, 161; storage of 
‘water in, 167. 

‘Lake Superior highlands, 310. 

Land breezes, 256. 

Land, changes in level of, 85, 204; aink- 
ing of, 24; warming of, 257. 








‘Land hemisphere. 27. 





INDEX. 


Mature plains, 79. 
‘Mature valleys, 37 
Mauna Kea, 119, 1. 
‘Manna Lon, 119, 120. 
Meanders, 62, 223. 
Medial moraine, 13% 
Mediterranean, 207, 208; 
early commerce in, 371 
Memphis, 327. 
Meridian, 403. 
‘Mosas, 82, 
Mesquite, 348 
‘Metamorphic rocks, 34, 408, 413. 
Meteorological instruments, 420-425. 
Mexleo, Gulf of, 207. 





climate of, 279; 
tides of, 187. 












Milan, 376. 

Milwaukee, 166, 313. 

Minerals, 406-408, 

Mineral wealth, Central Plains, 312; of 
mountains, 108. 


Mining, Appalachians, 300; 
United States, 315. 

Minneapolis, 155, 311, 312. 

Mirage, 252. 

Mississippi, delta of, 65, 328; drainage 
‘area of, 320; river, 310, 312; rock load 
of, 52; system, 325-928; valley of, 76, 
‘TH, 310, 325, 328. 

Missouri river, 325, 325, 327. 

Mobile, 306; bay of, 209. 

Models, 428. 

‘Mohave desert, 282. 

‘Moist plateaus, inhabitants of, 84. 

‘Monadnock, 268, 

Money, origin of, 378. 

Mongolian race, 382, 383. 

‘Monoelinal shifting, law of, 104. 

Monocline, 37. 

‘Monotremes, 362. 

‘Monsoon winds, 256, 259, 284. 

‘Monte Somma, 115. 

Mont Polé, eruption of, 113-115. 

Montreal, 313, 330. 

Moon, 3, 6, 18. 

Moraines, 138; terminal, 148; of reces- 
sion, 148. 

Moantain flora, 343. 


western 


451 


Mountainous coasts, 206-208. 

Mountains, 99-109; Appalachians, 308; 
ax barriers, 105, 308; as barriers to 
spread of animals, 1; as barriers to 
spread of plants, 346; cause of, 9; 
climate of, 95; crossing of, 106; de- 
nudation of, 96; distribution of, 98; 
drainage of, 103; effect of, on climate, 
246, 287; height of, 2; influence on 
man, 388; life history of, 101; mineral 
wealth of, 108; names applied to parts 
of, 4; relation of continents to, 22; 
reromblance to plateaus, 8; rocks 
of, 98; settlement of, 105} as xummer 
resorts, 107; as timber reserves, 107; 
types of, 100. 

Mountain valley breezes, 256. 

Mount Ararat, 125. 

Mount Everest, 20 

Mount Holyoke, 127, 208, 

Mount Hood, 124, 130. 

‘Mount Mazama, 122. 

Mount Rainier, 124, 190, 

Mount St. Ellas, 140 

Mount St. Helens, 124. 

Mount Shasta, 121, 124, 130. 

Mount Tom, 127, 28. 

Mount Washington, 34. 

Mounting of maps, 437. 

Mad flows, 115, 122. 

Muir glacter, 139. 

Mascovite, 407. 


























N. 

Natural bridge, #0. 

Natural lovee, 62. 

‘Navigation, development of, 377, 318. 

Noap tides, 189, 417. 

Nebula, 18. 

Neck, volcante, 126. 

Negro race, 382, 383. 

Netherlands, 170. 

Névé, 137. 

Now Bedford, 300. 

‘Now England, 298. 

‘Newfoundland, 24, 208, 210, 247. 

‘New Haven, 300. 

‘New Orleans, 224, 286, 506, 812, 376. 

‘New York City, 102, 210, 294, 304-208, 
cy 








INDEX. 


tains, 29; Rasstan, 78; Siberian, 75; 
submarine, 175. 

Plane of ecliptic, 397. 

Planets, 3-6. 

Plant food, 40. 

Plants, aid in weathering, 40; Arctic, 
340; barriers to spread of, 345; con- 
ditions influencing, 396-339; depen- 
dence on, of animals, 353; of dos- 
erts, 342; distribution of, 336-380; 
effect of gravity on, 338; importance 
of air to, 96; importance of soil to, 
338; importance of sunlight to, 337; 
importance of water to, 397; influence 
of climate on, 330; moans of distri- 
bution of, 345; of mountains, 343; 
relation of, to temperature, 336; of 
savannas, 342; of steppes, 342; tem- 
perate, 340; tropical, 342; of value to 
man, 348; variation in, 346; water, 3H. 

Plateaus, 80-85; Alleghany, ; 
Appalachian, 308-310; climate of, 83; 
Colorado, 323, 324; inhabitants of, 84, 








‘York, 202; relation to continents, 22; 
resemblance to mountains, 98; sculp- 
turing of, 81. 

Platte River, 325, 327. 

Platypus, duck-billed, 362 

Playas, 169, 324, 

Pocket beaches, 212. 

Po, filling of valley of, 68. 

Poles, magnetic, 418. 

Pompeli, destruction of, 115-117. 

Porphyritic crystals, 412. 

Portland, Maine, 300; Oregon, 210, 316, 
321. 

Pot hole, 545 glacial 138. 

Potomac Rive 

Pratrles, 77. 

Precipitation, 245. 

Pressure, air, 255; of nea water, 181. 

Prevailing westerlies, 260; variable 
winds of, 239. 

Prime meridian, 404. 

Promontories, cause of, 207-210, 222. 
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Pumice, 34, 112, 122, 412. 
Pyrenges, 106, 388. 
Pyrites, 408. 

a 


Quaking bogs, 168. 
Quartz, 34, 406. 
Quartzite, 34, 33, 513. 
Quicksands, 212. 


R. 

Races, of mankind, 382, 

Races, tidal, 188. 

Radiant energy, 24; passage of, 234. 

Radiation, 24; from earth, 235. 

Rain, 249; cause of, in cyclonic storms, 
286, 

Rainbows, 233. 

Raindrops, 249. 

Rainfall, at base of Himalayas, 236; 
belt of calms, 280; influence of cy- 
clones and anticyclones on, 266; 
measurement of, 424; of deserts, 86, 
282; of temperate zones, 285; of 
trade-wind belts, 290, 281; of weet 
‘coasts, 286; on mountains, 98, 

Rain gange, 44. 

Rain sculpturing, 51. 

Raleigh, 75. 

Ranobing, Great Plains, 311. 

Range, mountain, 94. 

Rarefied air, 231. 

Red clay, 177. 

Red Race, 382, 383. 

Red River, 325, 327. 

Red River of the North, valley of, 78 
180, 320. 

Red Bea, 207. 

Reflection, 232, 235. 

Refraction, 232. 

Reindeer, 384. 

Rejuvenated rivers, 83. 

Relative humidity, 244. 

Reliet maps, 428 

Reptiles, home of, 389. 

Residual soil, 43. 

Revolation, 8, 397, 398; effects of, T. 

Rhine delta, 66, 170, 

Rbyolite, 411, 412. 

Richmond, 75. 
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Ridge rod, 190. 

Ridges, mountain, 99. 

Right-hand deflection, 258, 

Rio Grande, 24. 

Rio Pecos, 828. 

River eapture, 104. 

River pirate, 104, 

Rivers, ald of, in spreading plants, 353 
effect of Jes on, 03; effect of glacial 
fee on, 156; erosive work of, 52; 
floodplains of, 61; yraile of, 58} mae 
ture valleys of, OT; mountain, 103 
old valleys of, 58; rejuvenated, 835 
tock load of, ‘51; superimposed, #3; 
upply of water, 10; of United States, 
205334; variation in yolamo of, 50. 
(ver swamps, 100. 
ver Yerrneas, 6, 

snver valleys, 00-68; life hintory of, 

Roches montonnéos, 14 

Rochester, 155, 22, 303 

Rook, 19; deneath 801), 16. 

Rook basins, 142 

Rock flour, 139. 

Rocks, 408-415 ; chemteally formed, 409, 
410; classification of, 408; clastic, 409, 
410} fragmental, 409, 410; igneons, 
408, 411, 412; metamorphic, 408, 4135 
minerals in, 408; mountain, 88, 9; 
of erust, 82 organie, $10; resistance 
of, JH; ‘sedimentary, 408-410; sedie 
mentary, consolidation of, 

Rocky Mountains, %, 101, 107 

Rollers, 185, 

Rome, 876. 

Rome, N.Y., #08. 

Rotation, 5,6, 308 
258; effects of, 7. 

Royal Gorge of Arkansas, 325, 

Russian plains, 78. 




















effect of, on winds, 





8. 
Sacramento River, 321. 
Buge brush, 343. 
Bakara, 283. 


St, Gothard tannel, 107. 
Bt, Helena, 194, 175. 
St, Lawrence system, 185, 167, 30-304, 
St, Louis, 812, 976. 

St, Paul, 810, 312, 





Petersburg, 975, 

St, Pierre, destruction of, 113-114. 

‘Salem, 224, 

‘Salines, 87,100, 170. 

Salt, 170, 410; deposits of, 167; tu oceau, 
179, 160, 

Salt Lake City, 164, 315, 324. 

Salt lakes, 87, 163, 324, 

Sult marshes, 216. 

Samox, typhoon at, 271. 

Sand bars, 213. 

Sand beds, 400, 410, 

Sand dunes, desert, 88; swoon, Y25. 

Sand plains, 140, 

Sandstone, 38, 35, 409, 410, 

Sandy Hook, #13, 215, 

San Francisco, 274, 316, 376, 

San Francisco Bay, 208, $31. 

San Joaquin River, 321. 

Sardinia, 25, 207, 


Saturation of air, 244, 245, 
Savanna belts, 258, 
Savannn, flora of, 
Savanna, 306. 
| Scandinavia, poninsuln of, 25,298. 
jcenory, western United States, 316. 

Scbist, 34, 35, 413, 
Schools af forestry 
| Scoria, 122, 
| Scranton, 109, 309, 376. 
| Sculpruring by rain, 61. 

Soa breezes, 254. 
| Sea caves, 211, 
| Sea clifts, 211. 

Sea coast, changes in, 206. 
Sea Islands, 215, 
Sen level, 8, 179, 
Seasonal temperature range, 
Seasons, explanation of, 26. 
Seattle, 816, 
Boa water, composition of, 1795 density 

of, 181; pressure of, 181, 
| Sedimentary rocks, 32, 408-410, 
Sediment (i) rivers, 81, 

Seeds, distelbution of, 345. 
Selective scattering, 233. 
Seneca Lake, 183, 303. 
| shaie, 33, 26, 409, a1. 
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Shoots, intruded, 94, 197. 

Shelter, 372. 

Shore lines, 200-298; abandoned, 20; 
importance of, 203; lake, 162, 220. 

Shoshone Falls, 320. 

Siberia, frozen soil in, 19. 

Siberian plains, 75. 

Sicily, 25, 207. 

Sidorite, 408. 

vada, 9. 















Sierra, 
Silicious sinter, 410. 
Sill, 34, 127. 
Simplon tunnel, 107. 
Sink holes, (#0. 
Sinking of land, 24. 
Siroceo, 289. 

Sky, color of, 243. 
Slate, 41 





Sleet, 249. 
Sling paychrometer, 423. 
Snag Lake, 121. 

Snake River, 220. 

Snake River valley, lava plateau, 125. 

Snow, 249; measurement of, 424. 

Snow crystals, 249, 

Snow field, 137. 

Snow line, %. 

Soll, 16; ‘glacial, 154; importance of, 
to plants, 338: lava, 130; Now Eng- 
Iand, 299; residual, 43. 

Solar system, 3; heat in, 9. 

Solid, 19. 

Sounding, 174. 

South America, 24; cvast of western, 
206; fauna of, 353. 

Southeast trades, 259. 

Southern ocean, 26; weather of, 2 
‘winds of, 251. 

South magnetic pole, 418. 

South temperate zone, climate of, 203. 

Spain, peninsula of, 25. 

Spectrum, colors of, 232. 

Sphagaam, 168. 

Spits, 213. 

Spread of antmals, 360. 

Springfield, 300. 

Springs, 59. 

Spring tides, 189, 417. 

Stacks, 228, 

Btalactites, 60, 400, 410. 























Stalngmaltes, 60. 

Standard time, 404. 

Stars, 3. 

Steppes, 76, 285; flora of, 342. 

Storms, 262-271 ; cause of cyclonic, 264; 
‘eyelonie, 262; paths followed by, 254; 
In south temperate zone, 28. 

Btraits, cause of, 207-210. 

Strata, 32; disturbance of, 36, 

Stratified, 32 

Stratified drift, 149. 

Stratus clouds, 248. 

Streams In ocean, 191 

Strim, 142, 153. 

Stromboli, 113. 

Struggle for existence, 347. 

Subarctic climate, 245, 

Subtropical climate, 285. 

Subtropical flora, 342 











Summer woathor, eastern United 
States, 201. 
Sun, 3,9, 10; apparent movements of, 





397; distance to, 8; effect of position 
on temperature, 239; heat from, 10. 
Sunlight, importance of, to plants, 387. 

Superimposed rivers, 83. 

Superior, 313; Lake, 161, 162. 

Surf, 185. 

Survival of fittest, 347. 

Susquehanna River, 329. 

Swamps, 74, 167-170; cause of, 167 
fects of, 179; lake, 165; mangrove, 217. 

Switzerland, people of, 388. 

Syenite, 411, 412. 

Symmetrical folds, 37. 

Byncline, 37. 

Syracuse, 220, 303. 

Systems, mountain, Of. 





tT. 
‘Tableland, 83. 

Tacoma, 316. 

Talus, 44, 91. 
Tanganyika, Lake, 162. 
Tasmania, 2. 





Temperate zones, man In, 385; climates 
of, 285-293; fauna of, 386; flora of, 
HO. 

smperature, daily range in, 241; differ- 

ence in, on earth, 290; affest of altitnda 








INDEX. 


‘Water wave, hurricane, 271; voleanto, 
119. 

Waves, accompanying hurricane, 271; 
earthquake, 186; iceberg, 196; wind, 
184; work of, 210. 

‘Weather, 278-296; desert, 282; eastern 
‘United States, summer, 291; winter, 





292; influence of cyclones and anticy- 
clones on, 265; southern ocean, 23; 
vane, $20. 

Weather Bureau, 425. 






of organisms in, 40; results of, 42 
Influence of underground water, 39; 
rato of, 41. 

West conats, climate of, 256. 

Westerliee, provailing, 250. 

‘Western America, coast of, 206. 

Western United States, 314; mineral in, 
108; volcanoes in, 124, 125. 

‘West Indies, 20, 96, 297, 222; eruptions 
of 1903 fn, 113. 

‘West wind drift, 193. 

‘Whitecape, 185. 

‘White race, 382, 383. 

‘Wilkes Barre, 109, 309, 376. 

‘Wind-formed current, 186. 

‘Wind gape, 104. 

‘Winds, 25-262; aid of, in distribution 
of animale, 360, 362; aid of, in spread- 
ing plants, 345, 46; as barriers to 
spread of planta, 246; cyclonic storm, 
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289; influence of, on climate, 278; in- 
fluence of cyclones and anticyclones 
on, 263; measurement of, 422, 423; 
monsoon, 286-258; prevailing weat- 
erly, 260; relation to air pressure, 
255; trade, 269; variable, prevailing 
westerly belt, 289. 

Wind systems of earth, 258. 

‘Wind waves, 14. 

Wind work on deserts, 87. 

‘Winnipeg, Lake, 1 

Winter weather, eastern United States, 
2. 

Worcester, 300. 

Writing, development of, 379. 





y. 

Yollow race, 392, 383. 

lowstone Falls, 336. 

Yellowstone Park, 316, 325; geysers of, 
132; lava of, 125. 

Yellowstone River, 325, 325. 

York Peninsula, 25. 

‘Young, care of, by animals, 360. 

‘Young coast line, 221. 

‘Young mountains, 102. 

‘Young plain, 79. 

‘Young stream valleys, 85. 











Zone of fracture, 18. 
Zones, of animal life, 364; of heat, 275. 
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TEXAS SUPPLEMENT. 


Br WILLIAM BATTLE PHILLIPS, 


Director of the Burean of Beonomic Geology and ‘Techuology, University of 
‘Toxas, Austin, 


Location. — The State of Toxas is located north and west 
of the Gulf of Mexico between north latitude 25 degrees 61 
minutes and 36 degrees 80 minutes and weat longitude 98 
degrees 27 minutes and 106 degrees 43 minutes. On the 
north it is bounded by Oklahoma and New Mexico; on the 
east by Oklahoma, Arkansas, and Louisiana; on the south 
by the Mexican statés of Tamaulipas, Coahuila, and Chihua- 
hua; on the west by New Mexico and the just mentioned 
Mexican states, With the exception of Florida it is the 
most southerly State. " 

Area, Political Divisions, and Population.— Texas com- 
prises 265,780 square miles, of which 262,780 square miles 
are land surface and 3000 square miles are water sur- 
face. Tho longest straight line that can be drawn within 
the State is 825 miles, i, from the mouth of the Rio 
Grande to the northwest corner. From northeast to vouth- 
west (Texarkana to El Paso) the distances is T40 miles; 
from north to south, 594 miles, and from eust to west, 
T40 miles. 

From a point near the town of Lampasas, in central Toxas, 
acircly of 400 miles in diameter (= 125,660 square miles) 
can be drawn wholly within the State. If the State should 
be turned over on a hinge at its eastern border, it would 


Curvauuy, 1918, we Tux Mecusiian Comrane, 
» 1 





2 TEXAS SUPPLEMENT. 


project about 70 miles into the Atlantic Ocean, and if 
turned over on its western border, it would project 180 
miles into the Pacifie Ocean. If turned over on its north 
line, it would reach to the center of North Dakota and 
be within 100 miles of the Canadian border. The State 
is divided into 261 counties, some of which are still unom 
ganized. The counties vary a great deal in size, from 171 
square miles (Rockwall county) to 5573 square miles (El 
Paso county). 

According to the Census of 1910, Dallas, with 900 square 
miles, was the most populous county, having 135,748 inhabit. 
ants, and Cochran, with 959 square miles, was the most 
thinly settled county, having only 65 inhabitants. The 
total population of the State was 3,896,542, and of this mune 
ber 1,973,816, or more than 50 per cent, lived in 18 counties, 
viz., Bell, Bexar, Collin, Dallas, Ellis, El Paso, Grayson, 
Harris, Hunt, McLennan, Navarro, Tarrant and Travis. Of 
the total population 988,104 lived in cities and towns of 2500 
inhabitants or more, while 2,958,387 lived in the country and 
in villag 

The total area of these counties is 18, square 1 
so that the density of population in the area compr 
ing more than one half of the inhabitants is a trifle 
over 106 per square mile. The remainder of the land 
surface of the State, viz., 244,241 square miles, contained 
1,922,726 inhabitants, or very nearly 8 per square mile. 
The State at large had 14.8 inhabitants per square mile 
atid the United States 30.9. The most thickly settled 
state is Rhode Island, with 508 inhabitants per square 
mile, while Nevada has less than one inhabitant per square 
mile. 

‘There are no large cities in Texas. By the Census of 
1910 the ten largest cities were : 
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and to have spread over very considerable areas. The ero- 
sion that has taken place has cut away the softer cooks, and th 
many localities the igneous rocks hare been left to project to 
notable elevations above the surrounding country. Exoellent 
illustrations of this process of intrusion and erosion may be 
seen on it large scale in the Franklin Mountains, near Bl Paso; 
in the Qaitman Mountains, eastern part of El Paso county ; in 
the Chinati Mountaina, southern part of Presidio county 5 in 
the Me, Ord Range, north-central part of Brewster county, 
and in the Chisos Mountains, southern part of Brewster 
county. Individual instances may be seen in San Jucinto 
Peak, southern part of Presidio county, Santiago Peak, 
south-central part of Brewster county, and in Pilot Knob, 
pear Austin, ‘Travis county. 

To many places the intrusion of these vast masses of igneous 
rocks has been accompliched very gradually, eo that there is” 
not to be observed the violent shattering and displacement 
of the older formations that one might expect to Sind in re- 
gions that have been subjected to such disturbances. 

The existence of mineral deposits in trans-Pecos Texas is 
intimately connected with such dislocations of the curth's 
rust, for tho ores of copper, zing, load, tin, silvor, quick- 
silver, ote., are not, a8 a rule, found outside of such areas, 

River System. — As already observed, the general slope of 
‘Texas is southeast and south, with a purt of the Panhandle 
and north Texas sloping towards the cast. The general 
course of the rivers and leswr streams follows these diree- 
tions. From east to west the principal streams are the 
Sabine, Neches, Trinity, Brizoa, € 
Antonio, Ni Devil's River, Pecos.  Witl 
of the Devil's River and the Peeos, which emp 
Rio Grande, all of these streams flow into the Gulf of 
Mexico, Some of the principal stn oth 1 
such as the Sulphur Fork, the Wichita, Pease, Ps Dog, 
ete., How into the Red River, with an easterly and north- : 
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Puare [1 — Au artesian well in the rive Deli, 
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Teereearees ‘Awvat 
ry Hacevau, 

a 
Migdost | Lowest [ean Annual] —tachor 
| Abilene . 10 Os 49 
|) Amarillo » 1. ss 105, 55.0 21.90 
Austin. 2 wee 101 ot 8206 
Brownsville . . 1 102 T27 20.92 
ElbPaso., .« - +> 3 62.0 ae 
Fort Stockton... | 11M 628 15.50 
Fort Worth oa ne O18 asso 
Galveston 2 2 + y+] 98 60.4 401 
Sets Wher 65.1 41.00 
100 650 48.13 
oe 108 657 #251 
Paris. 6 we ee mt Ciel 3h08 
San Antonio . . 107 679 97.05 








Fort Stockton, in west Texas, aud Paris, in north Texas, 
have recorded the highest temperatures, 114 degrees, while 
Armarillo, in the Panhandle, has recorded the lowest tem- 
perature, 16 degrees below zero, with Puris a clove seoond 
with 18 degrees below zero. Nacogdoches, in east Toxin, 
has the highest average rainfall, 48.13 inches, while El Paso 
has but 9.16 inches. The earliest date of a killing frost was 
October 12, at Austin, and tho latest killing frost was May 
28, at Amarillo, 

Railroad Facilities. —On the 30th of June, 1911, there 
were 14.777 miles of ruilroad in Texas, giving it the first 
rank. Sinoe that time about 600 miles have been added, so 
that the mileage at the close of 1912 was about 16,400. 
There were 85 railroads in the State, and of these the Gal- 
veston, Harrisburg, and San Antonio Railway (Southern 
Pacifle) reported the greatest mileage —1381, with the 
Missouri, Kansas and Texas Railway holding second place with 
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eameeyl mil! "eiprod ie “of genta epenly along: the 
Southern Pacific and the Texas & Pacific rouds in West 
Texas. 

Tn 1911 there were 34 counties in the State without a rail- 
road. The popnlation of these counties was 74,139 and the 
total area was 36,526 miles, while the assessed valuation of 
property was $82,482,438. These counties do not lie 
together, but are scattered throughout the State, most of 
them being west of the 98th degree of west longitude. 





The railroad system of Texas, converging as it does i 


towards the Gulf coast, has enabled Galveston to reach and 
maintain the second place in the value of exports. In 1912 
the total value of exports from this port was (in round 
numbers) $ 288,000,000, of which the greater part was repie- 
sented by cotton alone. 


| 
| 
| 
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Farm Animals, —In 1910 the total number of cattle in 
Texas was 6,721,502, valued at #129,180,917, OF these 
1,011,704 were dairy cows, valued at $27,697,000. ‘Texas 
holds first rank as a producer of live stock in general and 
mules in particular. ‘I'he total value of the live stock in 
1910 was $318,764.268. Dallas county ted in the number of 
horses and mules —24,639; Crockett couity in the number 
‘of cattle —50,545; Collin county in the number of hogs— 
27,460 —and Edwands county in the number of sheep and 
gqouts — 324,279, 

‘The total number of horses and colts was 484,968, valued 
at $83,532,773; of mulos of all ages 672,781, valued at 
273,780,676; of hogs 2,820,728, valued at $11,605,195; of 
sheep and lambs 1,758,051, valued at $6,138,426; of gonta 
and kids 1,177,277, valued at 82,397,684. 

Tn 1910 the fowl industry was aa follows: 








Yarn t 





4,189,450 
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large and varied that it is difficult to treat it in a satis 
factory manner within the space allotted. It is probable 
that the total annual value of the farm and garden products 
of Texas is in excess of 2650,000,000, The State captured 
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the Grand Prive for agricultural prodnets at the St. £ 
World's Fair, There is such a diversification of soils 
climate in Texas that almost overy known farm pro 
within the United States ean be successfully grown here 

According to the Texas Almanac and State Indas 
Guide the most reliable statistics for the year 1910 ar 
follows: 





























Aone Vauen, 
Steen | 
Com. . . . ~~ -| 8,000,000 | 181,280,000 314,20 
Wheat. . - . 000 18,780,000 15404 
(aS 24,825,000 ist 
Barley . 160,000 | 148 
Rye . 46,000 | a 
| 8,754,400 5,040, 
52,000 30 
0.00 1,150 
| 
! 
Bui 10.00 | 1,080,000 tons 
. 150,000 FORLANI Lon 
Broont cara Tati) sa00.060 
Tohae an 44000 
tots and on) 049.4000 al 2; 
Truck inn ‘ 
Tot eH 





It is interesting to note that the total annual value o 
of the agricultural products of Texas is about tl 
the annual retail value of 15 chief food products const 
in New York city. 
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Pexns leads the world in the production of cotton, but the 
ld per acre is considerably les¢ than in most of the others 
ton-producing states. Exeluding California, which pro- 

a small amount of cotton, the following Table gives 
yield of lint cotton per acre in the several eotton-pro- 
ving states: 








Yerue oF Conon, 
Soumon rem Acme 
Mimoui 2. 2 65s peer Perea 
Worth Carding os) x) phous oe me nara tne oor 
South Caroling «2 6 5 ee ee tee he ee 
‘Tenner. . 

Oklahoma 
Mississippi 
Arkanes 
Georgia, . = 
Alabacon 
Texas o. 
Loolsinng . 6 we ee te ee he 120 
Words. ca cail Agee jon artim Sear aeee n0 





fing the nine years ending with 1910 the total value 
the ‘Texas cotton crop was $1,036,576,194, or a yearly 
(rage of $181,819,5T7. In the year 1910 the cotton 
gage in the United States was 32,403,000, of which 
fas had 10,060,000, or a little less than one third, 
® production of cotton was 11,965,962 bales, of which 
kas produced 3,072,982 bales, or a little more than 
} fourth. The grontest cotton-producing county in the 
ited States is Ellis county, Texas — 106,384 bales in 
(0. Cotton is produced in more than 175 counties in 
fas. 

Tho trucking industry in Toxas is extensive, and rapidly 
teasing. Fall statistics are not available, but it ia thonght 
tthe following figures for the year 1911 taken from the 
fas Almanac and State Industrial Guide, are approxi- 
ely correct in so far as concerns railroad shipments by 
ght. 


© 












Minetal Resources and Products. —During the 29 ears 
ending with 1911 the total value of the mineral products of 
‘Texas was $205,277,614. ‘This amount was made up of the 
following iters: 







Petroleum 5 ew ee he ee ee ee 
wind lignite. By Gye ine bass 
Clay products (brick; tile, potters) VL tk tse 
ane rani faeasone oni sandstone) wip ia 












Pig trom partly stimaed 2 Dl 
Salt a eee a8 





feral Wales a ee ewe ee ee 
QURMIRE ST wae ete Hose 6 ae 
All oblier prodiets 2 6 5 a ee ee 
Totals 4s pei e ag sie Aaa 


‘There is a litth: copper. lead, tin, gold, and sulphur pr” 
dneed in the State, but the values are not now of speciil 
importance. Tt is probable, however, that the developmest 
of the sulphur deposits near the mouth of the Brazos Rive | 
will soun place Texas in the second rank as a producer if 
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beds of marble in Brewster, Culberson, El Paso, Llano, Sur 
Saba, and Travis counties. The black and white marble from 
near Paisano Pass, Brewster county, closely resembles the 
famous Kilkenny marble, from Ireland. Limestones suitable 
for all purposes to which this stone is applied occur ins 
many counties that it is impracticable, in the limits of this 
chapter, to enumerate them. The principal counties where 
limestone is quarried are Bell, Bexar, Comal, Coryell. El 
Paso, Grayson, Guadalupe, Jack, Jones, Lampasas, Nolan. 
Palo Pinto, Stephens, Travis, and Williamson. The chief 
lime-producing counties are Bexar, Comal, Coryell, El Paso. 
Kendall, Nolan, San Saba, Tarrant, Travis, and Williamson. 
Fine sandstones, suitable for building purposes, occur in 
many counties, and the principal producers are in Burleson. 
yette, Lavaca, Polk, and Tyler. The red sandstone quarries 
Barstow, Ward county, from which much excellent 
as been obtained, are not now in operation, nor ar 
those at Fairland, Burnet county. 
‘The increasing demand for better roads and for material 
used in bitulithic paving in the cities and towns has resulted 























beautiful amethysts from Llano county} fie t topaz from 
Mason county; excellent turquoise from El Paso county: and 
agates, jasper, and chalcedony from Brewster and Presidio. 
Moss agates have been reported from San Patricio county, 
while the clear and flawless quartz crystals, from Fayette 
county, have been cut and used in jewelry. One of the most 
attractive stones is the exquisitely tinted rose quartz from 
Llano county. River shells have been gathered and used in 
the manufacture of pearl buttons. 
Several meteorites have been found in the state and the 
largest of them, weighing about 300 pounds, is at the Uni- 
versity, together with fragments of the others. 

‘There is one silver mine in ‘Texas, at Shafter, Presidio 
county, which has been in successful operation for more 
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) than 25 years, and has produced more than $6,000,000 in 
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duce lignite are: Bastrop, Hopkins, Houston, Lee, Leon. 
Medina, Milam, Robertson, Titus, Van Zandt, and Wood. 
Much firewood is used in Texas, the latest statistics (1908) 
showing an annual consumption of over 4,000,000 cords, 
valued at more than $12,000,000. Crude petroleum is also 
used as fuel under stationary boilers and in locomotives, for 
burning lime, brick, ete. 

Inclusive of the coal and natural gas brought into the 
State, for Texas does not produce enough for its own needs, 
it is likely that the total annual fuel bill exceeds ¥25,000,000. 

Coal is brought in from New Mexico, Colorado, Oklahoma, 
Arkansas, Alabama, Kentucky, Pennsylvania, and West 
Virginia. 














